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■3 -*> J 


p jJuoj 

LljljJufljJl i ■ Cl*—> aluJLai 

dJJl JllC diUJl SjJLls 


djjjo o^l^o ^3 LajLaxjI 4_LwvwLwsJi o-L^j oJ t^-^Jao 

j-dU LwwoL»ol 15 d j-*-oJl *d3 d— 1 j^PS' ^3 ^*Jl djJjl d->5 

~l^p dlLJl 4j_j d>a /^_o c^LdJlo 4_Lwv_LwvJl oj-A Lj_j c ^ 3 1 •>/? ^ 3 1 

3J_P dw3o jLi?j ^3 £lJL>j d>*^" j-CU d ^*Jl doJg-CoJ'^ dJJilJl^ jUJ 

! L^doj ji^Jlj 4_o aXUL ^xl! oLs< 2> jdlj oL-LwJl 

— >2si 1 42 8 ^o?lo jJl ^3 JJLdo»Jl doolil ^*ooJp»J ^alc>sJl 0^-wJl :^1 

d-^>c-Jl aAJ o ^5 sj oij c d ^*Jl d*_UL> ^Ldok'yi &jj jS jj ^3Jl j»2007 

^3 do ^*J| <l*_Ul j yjss>- ! ^io Lj ^J_P ( ^ 2J d^-^- d->*)\o9L*_oJl J 

.(L* do ccJLmsj^I ^JjLw*ij dlta ^3 L*o ^jj^LwoJl ^^>j>- 

dO do d£_L_<Jl ^3 ^dJollJlj ^ jJoJJ ddi? jJl dvoL— wvJl^ ! Loll 

C 0 Lw^j 1 . ^ d^^C^O I J *m*m*3 ^ 4^^020 0^-Arf^P ^ ^ i 3 ^P l t^P ^J-^-O l f ^ 5 1 

dcJLcllj c( joljJl) j-x_yg ll do^ljjLoJl djLjwiiJlj c djLoLwo-^5j jjc_)!^ cjLiJl^ 
C olj j)-ygJlj cj^j Lyg.j*b/ Ij CjLo J jSL^jy I J C OLo J-U-oJl djJjJ J t d> J«0>«Jl 
. 4JcJ I j c doJiiuJl 3 ! j-Jl J t dlLJl j c jl^JaJlj pLm2jJ| j 

^3 ?-l^- b» Lv2_j I ^ c5 ^JJl -Lp i5-LLoJl oj^Lo* ! UJU 

?•! j_>| o_3J_g_> C C-o ^_ 3 do di_Ul j j_o2-J>- -LdJi 

^ 0 ^-*Jl Jo^P dl-LoJl do wL>3 LaA5o ^^l)! ^09 3-Lp j-d\ ^ ^Jo>C-oJ! 

^9J <52Loo>Jl ^ji>-|3 dlil>c03 oL^>- ^09 OjbdJlo dddJlj ^IxU 

d>-lo|_^ (J^^ 1 iS dwo3^j 5-^-*-^ b 

C dwO-LJl ds^»l>o J t daLgJl i^dSsJl dJ> ^o 5^-*-^d ^-d9J C Co ^o^/l *a5wo 
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-AaJJI oIaJJI <Lo^- ^^oJuJl t^C, jdj>s_oJl *1 jj\ ^J_P *-LpLwvO 

. JLJla ^*2aj jaJI ^jldJl ^iJj^ ‘ 9 wLg_) jaJ| 

L^_i^wi_>- u jl}\ d^LwXJLxJl ^3 ^sS <u*}\_) ^J_p <LLwvwL**Jl ^LoJL*x*j 

Ua- ja (JjVl Oj-^j <L~s>^j ^d5Jl o j J(<ljJLxJ1j a jJaJJ <ljJs 5 jJl 4 «^LwwvJI )) 
* * * * * * 

IaIp L>lx5' c LaaU- LlxS' ^jljJ! Oj-^oj t AdJixJl clUj ^3 Uj ^ a-* L^oJLp 

c 4_J_P^ .^XLS"I ^1 ~L>- 3 c-jLx5" diJ3 ^Ja_A_j _Ls^ t ^woJL^-o.. 1 1 4^Lp >■ 

-Aj^\j 4_P L-j ^_i_P da-LdLoJ 3 <L^>s-o! I dJ LjJixJ I <sZS dL- vJ-a JwodXu 
-a.woJ.aJ! o L>cJ J a ^LoJJ 3 c— >1x5" ^j/ 2 .^/ 2 ,}>- L5 c Loj>- jd« L>lx5* o jj*yjj 
. ^*T 1 |g «,i / ? oJJ ^^ C oS" ^J-wwJ-wJ ! 0 ^3 0 «^O^A*oJ I 4,w*^»Jl^ 

ol^ol v jLlSvJ! 0j-5o o! LgJwa j^3j i^jlSsJ! *UiXjI -LaJj 

^»Lp Ja_) jwL*^ d3 l LwoJLp ^-^-1 -L^_dj C -A-dJixJl dU_> ^3 i^dSsJl 

0 j£sj jl j C o3 jJj>cA 4jJ ^^1 ?L>cj dd>o I (3-*-*^ 'y ol j c 2000 

4_o_>- c~J j v ->Lx52]| Lg_> <» iJ I ^xJ! -a_*JJL> aj jdSCo L^xp ^yxll -aJ-c-^jJ! 

LwiLwJa-> IwLo-P Aj>*-£jj J! I C -AaJ ^p 

<J^lJ>- jj* i^UiTyi ^woJsJl <Jlo-p ^jfcL^jj jlSoMl j ^xixJl JiJ 3 j^>- 

.^j^aJI jA^Jl (£ j^>txj! S^Lj 

-A ^- ojjt j^wLs<2j 0 wL-A^ai 4_dJxJ 3 ^ ^JaJJ dlLJl -AXj-Lo (1)| 

L^jJJj ^ -A^>JaJwoJ! j£s » I ol 3^3 ^ aX.^J ! 

^Jl£- j t ^1 j-^~y !j j-J j->«dJlj 4 aj>-I ^oJl j do-A- jjJi ^3 dJ LaJ ! o3 j->=J! 

j . SCdl Lo3 c jL>o)/! <lp c ^w«, fg .«, fg . > dXoJ ! 3^<>JJ Lfjlixjl 

<LoJaJwoJ ! ^j3 LajL>cj| . P ^1 L^j Jg^j ! < ^-£' ^-^>s-oJJ dwoJ-Aj! 4d>«Jj! 

J^jCj 0 ^ajIXj -AdwAxJi j ^ jJ.*JJ ^jJaJ! Jl^P cLLLoJ! 4Xj Ja ^3 diJJ3j 

.^j ^aJ| ^ ^Xax^oJJ 4 JJ! AwP »J<LLoJl oj3L»a 

a 1431 /3 / 20 ^upi 
4AaJI_j ^ jLJJ jj jjJl Ja dLJ! OJU 
J^>&A .3 
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t 4 Xjla 


4*jJjU 1 L> Ly 1 ^-&l J->- I 4JLwJ I ^3 L& ^jUj, 43 U 2 JI ^ 1 

.^j-Ji 1 4a>- I jJ ^U 1 <L«L*Jl 4_~« l_~J I CJ b <Ls_P Lo-l>- 'y 1 J 

^ jUa_iJ ^ oU^-JLxJl ^a j_> _L*J 1 j ^JL>c_j .ULJLj ULla 

L>Jwo 4^j LxJ 4a- jJ jl ^ ^ U^ajU 1 

j\ 0 J_> Ja>- oLa^-jJj^S'u I Jj>xJL~o 1 ^Jw^^LwvwO ^Jl jj>-^J \ 1 

JU_pI jUJL I*— P 1 .o*A_j_L>“ da U» U_*» «A_*_J_o 

0 j-5Cj jl 0 j j L> O j_>c_J I ^-la-*_4 d)| t o_\jJ_P oj ljLw3 

4axjtUl Ji'LlJl oU^J (JjJj>cJ| jU dUUJj .Jj-W? (^Ua J <^S* y+*tP jA 

4 J I (Lo Lpjj) j-LJ U LJIp AiUaJl 4-JL>cJl JaL^jVl i ^a 

(^Ja>ULjJ 1 ^A 4_jjj tOLSCo ^| ^3 *y>z-J \<r'j2>- ^JwoL^jJl 

^Jo ^lJ 1 ® 0 1 0 j j-vsJ 1 )) \j J-A LLj 0 I 43 LlaJ I j j 1 j-SJ 1 

.‘tJLJb- 4^j I JJL^wO 43 Ua oULLo ^_«-<w 2 jj c Lfla- Lg_Jj 4_>- la-U 1 


J^-i 


43 UaJ I 


r 


4^ 4^0 Uaj 4 ^>c_^>3 1 J US\J 1 |j-A 


^Uaj jl 43 Ua JwLv^j jLda-l JJ»P ^jLcJi oJ_&LLfl 

c 43 UaJ 1 ^Juja*dJ <lLISUI 4_LwJ_wvJ 1 0 j5v3 JJLj ^Jo Ujfc .43 UaJ 1 ^J_> j->=-U 

U^LgJdol 4_U^P ^1 ^JwUa^o ( Ja>-i 4 j j3 oUI Lg_x5sJ 4la^-vj ^U 1 

iJt>UgJLs^ V yi 4 I 2 jL> ^Jr s> ‘ 4j 1 J_J 1 ^jA SJjVl 43 UaJ I ^ Uw« Jaj ^J j t43Ua_U 
4a- jjJLa 43 Ua La>- jJ jJ^So ^ 4j^ol^Ji ^jUUl ^J| jJajJl JJ-P .4^jl_^jJl 

(J ^Jj>U 1 ULU AjJj (_^jUJl ^w2j 4A) ^JaJl o-Lg_) 

4j.^^a.l I j , v»^S* L , Q ^ C ^ I 4.^- ^^oS^qJ 1 
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JLxjj CjIjIp CjIjL*_oIj 43lkJl ii ^-^JLw» 1 

yo Lu5voJ <LjlS \ J Uj ^_^3 <U.^oLwol 4k^wJ I j <LwQ lk)J 1 4 jL> jk! 1 

jj J_xj .^JLj2p- S>s IJCLwjj 4.4. J^j 43 Ik ^Jw^-w^o (Jlio'yij A J-J 1 

-kLo_>lj Si LkJ I N 4 _jl_J I <, 3 1 j_*J I ^/2 _^j>c_1j /*jl> 

> f, f. 

j-gJaJ . SJ L*v»oJ I JlJLxJj 3 1 JJLo 1 ^.,-^.4 1 4jjj^.ygJ 1 ^Ls^j ^ 1 3 j^j U 4_J L>tJ 1 
^3 4_JL>tJl 4_1 _j j_>J I oL^JLiJl ^ 1 j_irjL~« 1 ^_!L*_^ 4jL>-*}\Jl <J 1 
jJ^ (jjjji^^l 3 ji jJ I Lw2i« 4>>lJcLwwlJl Silk! I L>-^J jjw5i 

j-k-lJ 1 .4_»jjjJl SilkJl J to3wL>cJLgJl Si IkJ 1 j3 L^g-4J 

^p ^ S^lJjiwol ^5“ I Silk ^Ikj jj jki! 4^*-*2J I JS'LlJl ( Jww2j2^J1 

t Ij-^sj^-l .4^3 ^_kJ 1 oLSj-SJl L _ 5 -kp L>- yS y tJJijJl 

^1p ^oJIp Si Ik <Jj 1 yJas>zj 4*JlS J y>- okl jJC^j ^ 1 

! J*\.«J?.AJ LJj* > I 1J_A o jik 1)1 J-»j->J . 1) J_sj 1 li-A 4_iL 3 I JJLa 1 

t^P*}lkUj S3lkJL> 4 k/? CJ I 3 4j-^a ^£^jL>woJ k.43 jiklj 1 OjlS^f 

. 1 ^Ul S^alp_j jl ^Jixka I ya lygJ 1 
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Barrel Ju^Jl 

j\ t (^jJ^) L ^l>sJi l?.i/J 1 jIjJLa ^oLJ 
^j Uaj jj o jJ Lp (Bbl) 35 wLp- I jJ I ^Jwwo j-J I ^jLw*o jl c <^^xSLq 

.(US gallon) cr S , J _ 5 _«l JjJLp 42 jl (.(Imperial Gallon) 
XjJil jj 7.35 Jail) I ^ wb>-ljJl ^jiall 

Efficiency o*liS3l 

f, (. * > 

( Jwo-P jl 43 Li? <U_^vJ Lg_j L> 43 UaU Uaj o^LaS* c_ 3 j-*J 

®4_jjI jj>U I oe-LrfLSUlW <bLp . J^-jJl 43 Li? ^ LlajJJ I 

> f. 

4_a 3 t (Heat Engine) ({ (£j\y>- *bl jJ 

. Lo 4^jL-x>^5vJ1 j! 4j j I ^>*J I 43 UaJ I 


Energy iSUaJl 

LgJ cJlo^CUoI j t LJiD ojJJLo^ Lg_> L 43 U2J 1 v, *2 j j*j 

C 0 4j2_Li>c_^ (J LS\_Jo Lj 43l_laJl J_>- 1 jJ . O^Jb 4 _j2_Li>c^3 Cj 1 Jj>- j 

C jyJL>- *)! 1 ^j_3jJLj oljJL>c_>iJl cii-Llb 4_oLwOwwSUl 43 UaJ 1 4. « ,-<>■„ ^ ~„a 
(J j_o (1)1 ^jJl 1 3 y *. J d)l 1 4 jj I j^>cJ I 43 U 2 JIJ 

^^3 4^jL 43 U 2 JI Ul .J^o^Lo ojl ^y>tJ 1 4^>-j^ ^3 (__J ^jsJJ 4j>c_eL)b 

jUo^ CJ Lj j jZSsJ*)! 1 J^3 JJ <J I L^3 ^Jo 43 H 2 JI <jL£w>l ^Jbw> 

oLojliLo 4bU_Ji Oj!j^>- J-jjJjJ jl l} jJ>z-a 4-la~»' j_) 


(SI) 0 I.-L 2 - j_Ll jsUajJl ^3 43 Q 2 JJ 4^_^>LwoVl o_L>- jJ 1 (j| 
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4_j I aS UaJ I Jj>- 1 j (J^>- 0} cLwsj>- c (Joule, J) 

^Uaj^Jl jJl ^UaJ y / wb>- 1 j JLa — y>yJu ^ LJLU 

A_*/?L>c_>) 4j I ^_A_S\Jo 5 j_JLS* <l)l^_l_> ^3 l^wLi-cJLwvwa (J I J_> ^ 

^ i^L-Vl SJL^jJl jl cte-jS^Vl SJb^uJl oLMjJl 

SwLp-jJI aSUsJJ 4 (lb— ft) ^Ji 3 — ^ ^JujUl 

(Btu) <1)1 .(British thermal unit - Btu) a^J l k j ^-J 1 a_>j! ^>J l 

4 _Jo Lg_j j^3 A^>-j 3 ^ LoJ I y s J_j j L> ys>x^~sS Aj j-Us-oJ I A 3 U2 J I ^JJLo-j Jj>- I j 

y> — jJ jL 778 <1)1 Sjl jj>t-U ^5s«o L5CwoJ 1 ^3L^>Jl j^J . o J_>- 1 J 
Ua_> lg •> »■*. « j ^j_5Co_j . JL>-1 j (Btu) 1 

•J^r 1 05 5 ^3 LSsj Jls-I J (Btll) aJA^-^Laj ^-^LwJl 


*_~ij ' oU c djj LiaJJ ijj>- yx-*jp ijljJLa ijj L>j 

! t>Lu . <_iJ ^ I o lip L/L-3 o I j L^j LJ Ip 


J 10 3 = (1 kJ) Jjp- 1 
Jjpt 10 6 = (1 MJ) 1 

Jjpt 10 9 = (1 GJ) Jjpt l^r 1 
J jpt 10 12 = (1 TJ) Ayr \j3 \ 
J yr 10 15 = (1 PJ) Lto 1 
Jjpt 10 18 = (1 EJ) Jyr L~S\ l 


ini 


%*» 


C 


LiJl 


ya t4_oLia_!^Jl A UAj y> 

! ijl (Btu) ko liaj y ! djjl ^>&Jl O ljj>- j} I 


oj_& j>*Sj Lo-LLP aJsjJj ^Lp y o y y^~ls.> y& LJLij lj_& C ■Sic ) 

. 4.<?..Jg.^J I SjjjJl oL>sJL) wb>-l j y j Ai Lwvo aJ aa’J I 

yr ^uJl £-yj y° 0&) —> tgJI jLL<Jl 

\j p 453.6 ajjLJl (i!:- -:!:-) 
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. (a_o Uaj^j ajj I (Btu) 10 6 — MMBtu <1 ) j^Lj 1 
*y>^ I t ^ L>sJ I la.i.'J 1 Ls^? t ^ j jj2j>- 1 l)| L>j 

O^i t A^P Lw*aJ 1 3*}LJl ^3 a53-^-vw<>J I AiUaJl ^Jw^-Px^o ^yi I 

(( 4j_3 LS'Lo Ig.i.) O E-l? L> ® O L>- ^ i ^j3 Lv2_j I ^Ja_x_> ^I_^J 1 A3 UaJ I 

J^S* c y >- 1 .(toe) j l : >- L jl (Tonnes of Oil Equivalent) 

,j-» 3 Jj>c-a 3_\_P ^3 3 1 Aj3 LSCo A3 Li? A3 Q 2 J 1 

! IS” ^£lxj J^Jia ^JwO Ip i]Lj^ .^UxJl Ja idJ 1 oUal 

Lx^j>- 41.87 (_^jLw»o (toe) Jaij ^^1? Jj>-Ij 

1 (toe) = 41.87 (GJ) 

> f. 

J_j J->- ^ c A3 UaJ 1 l ] i 3^5 oLwoJS” ilr 4 

! tAiU O LlP L Jzj* 

(toe) e-^lSCo JaAj 10 6 = (1 Mtoe) ^ISLo Ja^j 0 j-Xo 1 
(toe) e-^lSLo JaAj j^i? 10 9 = (1 Gtoe) ^slSLo JaAj ^1? Li_^>- 1 


A_o L) ^_g_SD I SjwLdJl A_^-5 o A_o Lj A3 UaJ I o^Lp ^yj 1_Aj 

a^jL)j-^5L]| aJ U aU ‘U^Lwo'yi 3 jj>- jJ I L)) t *)Ll« O.A>-J ^3 d_i_*_JLoJ I 

(kW)l j j_l_^S* ojJ_3 *Lj j g ^ li oLS*j_Ji I 

.(IkWh) 4_£> Lw- Jalj j-LS’ j I 1 1(h) i-tL. o j_»J iltls j^Ij 

: JJJ 1! 


ipL 10 3 = (1 kWh) Is. L. Jslj 1 
ipL 10 6 = (1 MWh) LpL- U^. 1 

ipL Jalj 10 9 = (1 GWh) ipL J^lj Uu>- 1 
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Power o jJuJl 

^ 3 15 jl <Jjj (Jjjco® Lgj L oj 1 o_i j*3 

<ij I Jj>- j_U (SI) ^ llij ^3 SjjJLU ‘Lw^Lwo'^l o_l>- jJ 1 o) . (( SJ U 2 J I iJ ' 
1 1 1 ^ 1 L^3 4^^^\*0«J 1 o jJjU 1 Lgj I ^Lp ‘>—3 c_5^ J t (W) -UljJi 

.4*0 lo /<J^>- -^ > “ 1 J (^jL^ Js^ljJl U1 . 0 Jj>- I j 4*0 lo <J <J^>- Jj>- I j 
^*4 j^-5 1 oLwo-5 ^UJ ooLl ^ 1 cj Lap Lq 2-3 I Jo>tJL^o 1 ^Jo c^j^-1 S j*« 

! . oj JjU 1 

Uj 10 3 = (1 kW) Jp\ j jLS 1 
J*l j 10 6 = (1 MW) Uj Iky 1 
Uj 10 9 = (1 GW) Uj l^r 1 

4.3 Q 2 J 1 oUaj>c^a <1)j_*QwOwo2_J ^JJI (J J-L^-oJ 1 J^oO 

o_3 jJ>sJ 1 ^ 1 lo W 4.0 lo 1 43 UaJ 1 )) y+j J Lo>- V 1 ^y 2 -*-* 4o j 1 jj>sJ 1 

jJ jo <1)1 J^Sooo (. ^-Lo . (t) o_3 ^>cJ 1 ^1 Jo>tJL^1o W4ojljJ>uJl 43 UaJ I 
4*oL)j-g_5 U?lj Lkoa 2000 1 jJ>- ^lp ( Jo>^o 43 UaU 5^5“ 4ja^>c->3 

<J.*l*ojo >c3 oiLi ^JLwvo L 0 J -0 c4_olo j_^_5sJl Sj J_5j 1 (2000 MWe) 

** 4oj 1 jj>- o^-L kS^ <_5^i t (6000 MWt) 4 _jj 1 ^_>- Jj?1j L*_wa 6000 

.iuJl ^ 33.3 

.43 UaJ 1 olJj>-J ^Jo jJ>tU *y I 4*<o li Jjj>t_l*oJ 1 ^3 
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4_J Ju^AJ Cj\ 4 




&U»JLSL4 - 1 


LxjL>-L>- ^.JjJ A-a-Ua-j Li 12a j^L v 2 ^j 3jjjJi 

( ^ I 1 ! a.^ - I^j ^ ^ 2 1 a>j ^ L.<2 I 3 L fcX^c«L I w\.^* i U j 3 LwJ I 

Jl _L> 1 JJLa ^JULjLj 1_>c_v? 1 j ^lw2jj . ( ^_> j_JL*J I j J_>- I jJ 1 j jjJ 1 AjIJj ^3 
ya A3 UaJJ A^oljJLoJlj 0j«^5sJi LjUPj Lg_^3 Ux^wJil I LjJ_2_aU 1 (^^JaJ 1 
l 3 j3 jJ L Lu_\J ^JJlUl _L> j Jj j LuLpIw? j LJjLwO A^3JJ ^Jj>- I 

jl. J_j 1 JJLoJ 1 JJjJl UjJj>- Aj>c_JjJ I oJ_A 3 y6 j .LU_\JL~*wO 0-~wJ 

‘i^jijJi cj u l*_o * y 1 

Uj_^_Jl d?j_l_j yz aJ j j— » L^_j j_S“ ^^Jj Li U2>^yu £LuJl 

a L o Lj i3lj3^M L*,<a-> 1 3 j-*-j j . ^L>c_<Ul 
3j3jJl li-A ( j3>o j-^L^oJl L)lj ^ 3 ji j-U l*J 1 

0->c_w^ 1 LlSwwUl d\ ^J^>- .Ajj^_s^? yS\j LgJ>-Lujj JolaxU *^ m l 

JjjJl ^3 L3 UaJJ Lx_> j-~» A_^aljJLoJlj 0 1 LjUj_JLJ| JwjJ 

^JJLjLi Aj 3 L,<a.3 1 y>-> Ca N J-x_U Jj_\Jl ~L>_L*J 1 £y 2 ->zj 3 1 c<Lw«LjloJl 

^3 . 0 j_)wL>- Li Q? j3 ^JLxJl iwUJaJ 1 (_^3 j-j L> c Ll>- J Lp 

4 j_L~o JwLx_^_) L3 UaJ I ^J_P ^JLo->-^M k^JJaJ I ^oUj (. t>L L« t 1 
6 Jj^gu I ^3 k^JJaJ I ^LJ LoJwO t 0 ^ I CjI^wwUI ^3 A^<Jl ^3 

.^»Jt*Jl A*JlJ ( JwJj2j A^J I ^3 2 Jj^ J.-l*_gj LjjLLo t AJloJ I ^3 

^j_s^? j^a ^2_>-'y Uj tA.^si’j'yi Sj-sui Ji 

• ^ ^ ^ 0 ^ Ujla I ^ ^ Ja-U^ wL3 c I l 

aJ 1 *y | c ljjljlu 1 jj j js>~ 1 'y i^j>- u ji ^y* ^ i ^i-p j 

^3 (CO2) L) y ^JU I I ^jL jLp yS y 0 1 ULla 
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J-jljJo L j] I LjL>- ^ 1 C-^ljLp® Jj>- I t (_£ j_>*J I c_3^>\_xJl 

^1p ^ ^ 2LJ i ^vj^sJ 1 cj Ua Lio ^]| 3 ^*j ^>-j ^ ^ L-5^ ^ j l L> 

(Anthropogenic) JaL^JL ajLL?cl* ^\ j\ 

o d-> Lwo-S* ^ bo J cP> ^ 2] I 0| • Lo 

l) L ^Jj'y.AJl j^ZZ j c (CO2) Xw^5*l Ij jIp 

^^3 CO2 y oLjIwj Jj l^j ^3 ^j-vwo jJ 1 I 3 ji jJ I 1 j_& ^ I Jj>AAa> I 

•Ja-^» jJL* ^3 (^_g_oJl j£3j) J >J^2 ll 3L>3jMl t(^5j->Jl c_3*>L*Jl 

L_g_> 1 1 cjLwoIjw\_JI d^j-^ _ULJ . ^ajVl ^_i_p Sjl I cal»j>-j3 

(The United j_«_* J ^Jj>-I dJjjJl 4j^>UJlw 

jl c Nations Intergovernmental Panel on Climate Change-IPCC) 
280 ^Jl y>- (_£ y~~~* £-4*>jl ~t3 l£ CO 2 jlp ^ 

^3 Uj_>- 370 d-pi-Lv^Jl Ca dJL>cJl ^3 0 I ^3 Uj_>- 

AJwwo ^3 j-g -la Ajljdll ^Ja,x-a <J I ^0 l 1 JwA Ldoj_j ^3 l) I 

J-i 0 jdflJ I 0 A-& (J *}\j>- ^ 1 Sj! y>- 4j>~j 3 Ja-A> jJAo l) I j_Lo j .0 ^ I 

^LLj^M 1 J-A ^.Ja.*-fl ol t(l°C) 0 Jj>- I J <L)jJAs 4j>-j3 ^1 JJ>0 ^jJjjI 

d>-wLojJl C^i jj Ai j .cii-U Lo j3 jl 0 ^s_>- ^ 1 4d-^ AJLoJl ^3 j_gda 

^j-jdJl (IPCC) e-Lo-i-P 4_ia_~olj_> oJj>cJwoJl (_£ j_axJ 1 4 _o j_-»> L>bJ I 

4jI C A3 II 2 J I ii *^\-gJdA> I d3 LdvU I l^wLP I 

c_3^\_iJl ^3 CO2 y ^Aj (jl dJ UJ 1 4_d*> 4-LoJl (^-L« 

U ^Lajj 1 ^3 t (j j^LoJ L) 970 j 540 ^j>o L« ^ jds^oJ ^ ^ 
^1 (^y3\ 1.4°C J-o ^jSh ojl^ i>- j3 Ja-^ y~* ^3 

ij^li Oj_SC o I ^ 1 ^vd^xJ 1 jl L>J Ua .(^^-^-l w\j>-) 5.8°C 

1 1 ^3 Lww^vj 5 1 da 1 j-JcJ 1 4J j-g-^-> c_a!S\iJ I 

JCS* AjU tojl y>x Jl 4 j>-j3 Jj>J I ^ 

Uj^a. Ijj Ug^^a Cal y-A-j ( J^va_>c_j l )1 y°J t ^ ^ -L>cJl 

^jl?ui j jUb_ji ^c, jjl^vwo ^3 L>^i j LpLaJjI dw^wado tjUidj v yi 
^3 I33VI oLwoJl 3 Jwo_j j d-Ja_AJ I 4 _j J wwL>J I oUUa_xJl d)Cj3 v^^w-^v-j 
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Jj>*J I JCS* J 1 ^y 3 Loj 1 L*2 j 1 ( Jw2j>o ^ 1 ( Jw^JL>c«^J I ya j • b.>c-oJ I 

.sLojIj t e-ly^'y I \as>- ya <LojJL)l ^y L>- ^J^Sbxo 

3 LoJlp 'y I L-v/p-i I v^ws_wvJLj c ^_JaJ L> . ^y>J L*J I ^-v-^.l?J 1 L^_j <ij> LwLj2_j ^y 
^J_P c A_o_^a A_*_ij>e-a Cj I j-o Lo yj yA?»-- ^ 1 ^ 1 ^i-P ^ 1 1 

^UVl y I J-£-1 j j tf-lj-gJl y SJJlj oLjJl™^ J-£-i 

Ojj'y I wLw^lS”! o L*_o i <!l+s>- a^p Lws^aJ 1 yS”ly>Jl ^y j 5^1 aJ j-A LoJ I 

y3j_> <J _Lw^5*l <Jjl J A3 j?J>z-oS I j^P <Loi j J_o& jjj^Cll CJ LjT y>Jl J 

ol^JLdl oJla y^jJ <1)1 y$bo-> .(Smog) yL>-jJl s j L-^ aJ I JSLu ^1 

^y Ajj J\ j»JlP A3L^)Uj to ^Ja.>- <L^>c_v2 jU! 1 

. L^J a_v^? ^_x_oJ I yb L^>J ! 


t (JP U^xil ^Uai yl y iSUaJl Jww 2 -iJlj ^jJu Uj^p 

y* j_t5l jl -L^lj ^Jl 3 jj <1)1 L aj3 ySb^-j yLgjJl iS *>l_£JL~o M I <1)1-3 
to3-L>*JLoJl A3 UaJ I t y jjJL>- *)! 1 3j3jJl A-J j ^ 1 AiUaJl yL^La 

j_o_j 0 1 j-oCl) ^J~a LSCJ 1 LS\_x_j *y 1 A > j . A_j j jjJ 1 A_3 Q 2 J I j I 

jLjLP^I yju J->- 12 <1)1 yjjj-v^Jl ya t A3 LlaJJ ^JL>cJl LlS* * pl ^ * »*> ' 

\jbjX«j5.A ya A_3 UaiJ ( JwaL^Jl a UajJ 1 ^y Aj>- jZjLa Cj 1 y I CJ 1 j_o Lj 
^-PwLj j] tA ^ ^ *.*> ^ 1 c_3 t _5~^ Lg-J^ y L _ 5 -!jVl 

(( 0 *> 1 _>c_p — ~ji.^)) A-Aj j-ig- > < 1 ) L^>- V 1 y-^J ^y a_Aj ^J aJ 1 oJ_A 

j_oJ j J^aliLSl iiLkJl j-X ya a ^1 t (Well-to- Wheels) 

^5 1 3jJjJl aJ Li? £>j ^ylyLoJl ^LgJl 

y !j I A^wo 1 j3 y A^vsAj aJ L>J 1 ^jJAj ^jj ^ | JjsxJUa' 1 ySLo_) J . Cj US' 1 
Jajy yJ 1 (( A_3 LkJ I y>cJ aJ_^J-s»)) <1)L^-^>iJIj Jj>- ^ L> t A3 Li? 
Jj- 5bo-Jl JgLAjJ I oLpxJLL^ J^La A3 LkJ 1 W^J^alj-?^)) £-A A_3 Ua-U A^J j V 1 
^y ^y LyJ 1 ii t>L-gJL^ ^ 1 ^_3 j-a O ^ y>tJLJ 1 <J t p Li j_g_5sJ 1 J 

yj J3 j . 1 ^lia3 J I t A-J^SbwJ 1 t Ajj L>»jJ 1 L A_^ Ll^- 1 1 O Lp LLlaJ 1 

t ^hJl y y5”l J^w^aIj yJl tAAjjJaJl oJ-a ^ 1 Jl>cLwo 1 

y aj I ol jJa>cJ 1 JiLi *)LJ->o ^JaiJ > LxS^J 1 1J.A ?-ly>-l A3 L5" ^y 
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J_A ^3 4_S~ 1 j ^ I Li UaJ 1 ^J-j jj>tj 

j j-LJ I Cj Ij L*_o L/ 1 j A3 LlaJ I wLa3 <1)U**j>UL Ss>- *y 1 ^Sj l 4j2j ^JaJ 1 

^Lp J j 3>; J I C^>o t (J jj>sU 1 (J^ ^ J' 4 <1 t° < ^ j> ’ y* Lo J *}LU 1 


t <b 


{ ^Jis>z3 ^Jj 4_>~ 1_>U 1 03 1 Ji J . 43 UaJ I a UaU <Lj 15 L^jJJL 4^*> I j3 

j_*_P ^LuJL j^x J 0 J jJa>- OjAj t 43 LLlU La I JJO 1 J^S I ^gj Lp j J_ v2^a 

j_>cJ| O jJ_j LLiljJoJi 4-w>c-^aJ ' j Ua_>- ^ 1 jl 1 ^jLi 

j] ^LgJO> ^ <lJ L>U 1 ^SLojJl ^_-_^->cjJ 0 j_JLS* oU-l 1 t ^Jj>*_^J I 
LUU_~J 1 v oljj>- wL>- 1 J jluil L^j>- ^ jo 1 <Jj_L>tJl <jl .Li UaJ I 

4^-U>Ul 4^-L>-P LL> ^Jaj U Ip ^ C iaib 43 UaJ 1 4L«l^Jl 

Li" j . 43 II 2 J I JL**- (*Ui! <Ji 

L> ^3 <kJL^JZJ>- |J_A jwLo t4JLp»-^\Jl <J j-Q-^Jl ^3 (_£ j_0> 

Jju ^jJl j_p j-^Jl (Hydrogen Economy) ^U^i^M)) 

<1) I 4^J t 4«o LgjJ 1 iJ ^ 1 4Jajb JJ^P W <1) ^^J 1 ^y 3 U L>- ® 4j Li 

Jww 2 j£JL> 43 UaJ 1 4Lol5Ui LUU-vJ I JJoJ ISj L*» La <jjJL *y 

4i^isui ll^lji JwJl>^ j .^jL^ui ij 'y 1 ^ j v 1 j^waLi 

^3 4_J L>J 1 ^-3 L>jJJ 4 j>- jlJLa O 1 (_£ \ ( J>J>- I ^j_a LS UaJ 1 j_PxjJ 

4_laUUl 4 j>- j_U I (_£ jj <1)1 ULo J^S 1 ^UaJLwwu t43liaJl U *y_gJLw» 1 

IV > ^ 

oJ_a J^Lo La jJ <1)1 ^^jUI (Sustainability) o» 1 w\jl^*>U 


. Cj 1 j-dcJ 1 


JaJwL) L^Jl5wl LslSL LiLkll ^Jlp ^oLwUl ^JLJl <^UJaJl <j| 

C^wLJ-aUI 'y I 3^3 ^_1J 4_v23 Lj^oJ 1 ^3 L/2_<U ' ^i_P ^x_-^Ja ^JjLXo 

> 

Li UaJ 1 CjLS'j-Jo j ,^^-wJaJ 1 jLiJlj ^L>Ul JaJjJ 1 ^aL>- ( JULj^j 

d ** IV > 

<1)1 ^^---JaJ 1 jLiJlj JaJ-J 1 j»UJl JaJ-J 1 ^j_P v^LLj ^^^Jl 4>^<Ul-*Jl 
oLjJLv^UI ^_5-Up 4 J 23 L>t_x>JJ oLojJJa^o j*S I 4J_LS”j j-^”l L _5- x -^ 0 -JLla 
OL5 j_LJ 1 oJ_A OvL^_> J_3 j . «^Ll>)/ I ^^J} <l)jj_>s«oJiw LjwLU-JjJ 1 
j»UJ! Jai-J 1 4>^-vjJ L (R/P) ^Uo| ^J|_ <jjj^>c^3 4>s_^J <_ 5 ^^ -^Ljj>UJ 

Lo- 3 JJ-P ^^wJaJl jLiJl (> ^J|_ 4_^w%jJLj L 40 Lows3 JJ-P 
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0 Jj>- (J ^J-^3 3-LP c_ 3 Lst-lS" 1 J-3 j .AJ^wo 70 I jJ>- 

^P L ^4 U5 t <U_s^ LoJ I I ^3 C <L^vwO J 

t ^JaJ L> .k^-^vjJl oj_A ^J_P -l^Ltfj>tJJ ^j_Jo jJJa-xjJ 1 <U5^SsJ 1 j ^ LJLS'1 l~o ^ 1 

oj_A \ ^x.A.Ja-1 1 jLiJlj Jg-j/J 1 J^l_v2^3 <*_+.«/?.'+") c_i L JS J^o 
j^Lv 2^5 (jj C^-*»>c_) t l_L>- <lJLp ^ Ijo^y 1 <U2_i«S* ^tw2j C_3 jl l 4_>- j_\J 1 

^JL*Jl ^y» JjJgljwoJi ^3 .^jjJg^Jl ^bj>o ci j-^o aJj-LJ 1 43 U 2J 1 

v^wwo 1 j j ^JjL>3 4 j J-U-AlJ I JaAl! l_v2^5 _L)Jj>- ^bul J_)jjgj j_^JLwU 


^JJI 


la a’. 1 


t (Synthetic) ^L^all JaiJl ^JaiJl JU^Ij JJiill JaiJl 

. ^J^Lalll ^latll laa*. I b o 4jUa) ^bp c_i 


oL4 j-2L5b) oL-o_5s_) (_£ ja^aiJl ^a>*_aJl j3 1 jJLj 

c j ^)_p! ^bbj t„5^i b)jja>c^3 ‘Lw^Joj c -JaJ 1 jLkJlj LbJ 1 
ij ^aijJ i 9 IS” Oj^S ^yis 1 ojjfcj ,<C^j 200 <Lu y±j l_Jb>- Lgj) 


j»_=^jj-U 


oU 


JLr^ br* 


■J_!^_^_l 1 




Cj Lj JwPnjJ 1 (1)1 J^£> .Oji I (jj J-> IfJ I {j* ^-P jJ I ^Lp t (_£ jJ>*gnJ 1 

LJLu aJ j_-JLa aJL j-^ 2-> I ^>s-^ 1 A^oJ>“ IjJ 1 

^JLo C-w*>cj aJL>- ^3 ^A co j~S Cj I j JJL ?• L> ^ I J-J jj j^P C-> LiwJaj 

.^l*jl)l I 'll 1 ^ j^lvwa C^>o ^ y>zs>z}> 1 ^_>c^J 1 

j>UJl Jai-JJ wLaVl jjg j3 jjJ I J wXjljJLoJl JJujJI -LaJ 

CjIjj_L>J1j Ljj>- ^ I ol jlp O L*_o ! c ^x^JaJ 1 jUJl J 

I ^3 J-j I ^ JL-o—l 1 ^l_^JLA V yi ^ jyJLJ>- ^ I 3^_3 I ^^>9 

t L^>ojIj .^JJLw*J| j ^ j LiJ I 3 j3 I J5 ^Lo^l ^ jj>e_>cJ 1 
J.J '^(Producer Gas) w^jlJJl 3jJjJl» a_p l ; ^ J 

LwLo_p jj jb-> !->✓?-_) I -^3 ^ c ^x.^Jg-1 1 jLiJJ jL^jo'yi 1 

jjLiJl 3 j-3j 4_*_P l_Lv^ (jL5s_Jil (_5 J j: ^ x - ;>c -^^ 1 


0_^-> I ilw>5 i (_j^ I 2^o ^j***jj ^L^3*j ^/2j2j>iJwO (?!f) 
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Jl ^S>zJl}\ JjLJl 3^3 j-U (^jL>o!l ^Lu^l I j-v2j>tbj . 

^ jj>- 1 l)I-^-L> o^M oIwLj _$LJ c LJLj j_3 I c-j j_l>s_> ^JL>cJl oojJl ^3 

.Jj>s_J ^Jw<0>c-A jLj>^S” 4_d-o-xJl 0 jjb <0 I J _L> (_£ 1 ^J>cj2jj 4 >Oj 

j CjJLOa> 'y 1 (1) | ^JaJ L> . ^ UJ 1 JajajJ I JjoJL^J 1 Jj Lv*J I 3 j_3 jJ I ^Lu 1 

C A-4-J j-jgJ 1 oO-g_J J_>c_>cj 1 >5-<2_U 




kJl ;UJI ^lo'y 


C L 


o>Lj^_LoJIj 4O3 jJ ! odjl_*J _\Jlj >o L*_o I ^ ^ ^^.pLosJI 

0^1 j^xJ oOlj^o jiJ^J <jLo-pl 2iLj& l dJJdJ 4 px-OS* . <_£ 


(Carbon Capture «Jjj^SL!1 


Oij^J 


43 j 1 O Loo] 1 ^i_P 


i>- SO p J JL>- j . (Carbon Sequestration) jl and Storage) 

4_LjJ>o jl Jl jO>-l ^LJl CO 2 jLp J-v 23 J»^-l 

4JLj j-lau jLiJl |j_A jl C (_£ j l_P 3 j3 j j\ 

oJlj La bS\ .4^33 jL*_S” (_£j_PxJl c_3*>\_*Jl *y dwJ>o 

CO 2 J Lp ( J-v23 <lL>- j>3 ^Jj>- I O/? L>- j 0 jJws <^L >- ^>5 ^3 O L>- I ^3 ^ I 

Jj jJaJ I Ja»o! I J^>oD Ojy>J oL»Ij3 o_Lp iiLjfc J^SL ] c <Ox.o^gJ 1 

oL>»Ij3 Ls^jI 2ibjk . aSLI^OwJ ' jUJl j JaoJ I jU ^3 CO 2 j LiJ Oa'yi 
^ C0 2 jLp 0 ^ oLJ lSj-O jj4^' jO ^ l Sj 3 *’ 

I 0 ^5L« <lL>- j-« ^3 oLal jjJl oj-A J^SsJ t 4 jO<>-*J I O Ua-w>g-oJ I 

j^>oJ I j oLJ_^_p L)l ^ J-p L)La j_-J I 1^1 . jj-ko! I 

4_0_3 0 I 3 0*>L-P I 4_JL) j_laJ Lj CO 2 jL_i_J J— a V 1 oi_j j_Ja_J 1 

oU ^ IJ-pOOo I ^wwo jjJ 4 _Aj jJa j-jj lj L&JOP C 4 j 3 Lyg-13 1 j 

(J jj>- Ja J*^ J j^u t^JUJl (J jj>- ^ jj>cj>sJ I ^-j>^jlL] lo>- s SC I 

. 03 oil CjIjLp ^Lo| 


3 j3 j ^] L>tJ I 03 jJ 1 ^3 43 llaJJ 4 J j'yi Lj3Lv2-« i) j&j 

I iw-JJaJ I ^yi Lo jA) 40>J I ^3 80 l)} d«> t 3 Jj>Ofl ^P ^ jjJl >- 1 

J ^x.^Ja-1 1 jLiJl j L>J I Ja-O! 1 ^yo 3jJ > 3 43UaJl ^^^L^ 
43UaJl_j 3 J^U 4«a lOOo 1 ^jLS” I ^3 ^-o-j ^3^_> t. 3 

^'y 1 ^ijj«o-a v yi 4^>-L>ji ( 4.0 *y jslo) ^3 
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4 I 1 SU I j 43 Up j 4_^-vwg^J 1 43 UaJ 1 ^JjLa t O^wbsxJLgJ 1 43 UaJ 1 j3 Lv 2 -oJ 

L& 1 4j I 43 UaJ I j 4j j \ j>- j^pxJ I 43 UaJ 1 43 L^VIj t4jj^>tJl 

Jl i^L JiVl JlP tolJLL^a JlP ^Ul 
4-Jj I 43 Li? J_^S*LJL ULjk <1)1 o J_j_LP oL»1j3 C3j^_ 1?I jjj .Jpjj>xJwoJ 1 
.43llaJb UjL>-LlP*-l ( J^S* 3j^U o3Jj>t)la j^LvS^o Ojil^Loj 4^315” 

U JJLP 1 Lo«a ( J3 1 ((43 Li? 43 L 1 S 0 W 03wL>cJLgJl 43 LlaJ 1 j3 U,<g-a ^.Ua.*^a 


»L>c_p- L> 


0 ^ '*- J b>- b~-a < 1) 1 


lTM 


1 j_A 9 t 4_U_P 


r 

j>1Jl^JL^ 1 <j L$Ua 4_) j_lUa«a C ( Lo.-^-^lLS' oL^p-Vl ^3j) ® 

4 pxiU<>J 1 43 UaJ 1 < 1)1 ojjJj ibjkj .<J^JL*-a Jj>- iSjJ j2s> ~ S ^^ 3 ^3 jJ 1 

<J j_SU> ( 1 ) V ( JwwoJ) o 3 wL>cJLoJi 43 IU2J 1 j 3 Ly 2 -» J^a U ^UgJLw» 1 c _3 jUp JJ-P 
^j>s /*_P ^J 1 ^i-P t jjJ 3 j>- *)! 1 3 j 3 ^J 1 J^a 43 >oljJl 43U2JI J^a 4 jL\S ^J_pl 
^/ 2 _x_j ^3 L> 4 _i_i_SvJ 1 oj_A IwLoj . 4 _oLpx_^ <lJ j V 1 43 LlaJ 1 < 1)1 




iilS' < 


>Ij 3 jMU 




3jijJi jix-woi <j v 0 s )/ l>j 1 


U^>- jJ 1 ^/23 Ujo C^UjJl 43 lia_S* C o3wLpxJL<jJ 1 43 UaJ 1 j 3L v2-a 

j^S”! / ^IlS" 1 ^Jaj ^ !._\j>cJL~o 1 ^a ^-w^-XSUoJ 1 ^ 3 U/p. 3 1 j 3 jJ 1 j 0 j jJaJLoJ 1 
q3Jj>c-woJ 1 43 1 la 1 1 j» 1 wL>cJL^*< 1 ^a ^ ^p»- 1 lj LsJLP 1 j-^Uaj . j3 L32-0J 1 oA-g_J 
j_oIj jJ>- 1 4_<J>- U ^aj t4_3>-lj 4 _*JJlJ2JL<>J 1 I^JL*-«-Up 0 J_j 1_P 

tJ-UioJ ^U 1 ^jSLa'yi ^3 ^35 L>- t Lgj 4aUjloJ 1 1 ol^Jw^Jl 

.4^-j cjIjUip! ij Ua u>^ji ^i ijj^ u*-~u? *y U)j>- 

43j jJ^5* 4 jj j, J 1 43 UaJ 1 j Lljo 1 o j5s3 /^>3 1 ^oJ 1 ^J^JU 

j_j Ol3 J 4_4_Ua_) ?-U j_g_5U 4_*3LS” j 3 Lyg-a <J Lo-->,3>J 

4 j j jjJ 1 43UaJl <1)1 ^jA ^_P jj 1 J .<LoljjJl 0 J_> J_xj 1 <J L3>- 

iJjVl 43 UaJ 1 j3 Lv 2>3 ^Jw^jpx^o Lo 4^oJ 1 ^3 7 4_^^vJo LJ U- U^J 

^oJa.xJ 1 ojJLaJI o3Uj ^Jj>- 1 4j«J_35 4_~a U>j>- UUwA <1)1 ^1 t 4_xjJ L*J 1 

43 UaJJ 4 >j UJ 1 4_~o U>j>«J 1 1 J L-P <1) 1 j Jloj . 0 j^j>- V 1 0 1 j3-wsJ 1 ^3 4j j 1 


.^Jl . . .^ Ij^J I C ^wo-wi I 43 li? U* 0 ^...^....JgJ I 43 UaJ I Lxa j J OiO 
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A3 U 2 JI ( jja *L>^5Ul ^Lu^f ^Jp^l AaLSsJI y* j I \j Aj j jU 1 

(_£jjUl OboVl oljLxpi AiL^^/L t 1x3 jXa (1) IS” L>j AjjULa 4 j j jjJ I 

Ji j . Aj j jU I A^L-Vl j LJXj 1 jLXs-l j Aj j jU 1 CjULLJI ^jja ^jaL^njU 1 j 


aJIp Aj>-jJj ( Jwo-xJ 1 ^Jal^vJ Ajj jUl oLXJw^Ji j 1 AjjjXJl AP IjwvfiJ I C^JwU 
j_j I jj jJaJo ^ jJLj AP Ijw^J I oJ Ij ^j t A_*3 jJ j_j>J I j (J La V 1 j^a 
y a Aj3 Lj 2X3 I ^S” I (1) jSb> l) I y^L^j aIaI^o Cj 1 Jj>-j A*X»a C3*)ApLL>Jl 


l) j-U I Cj LxJXa j oL^> Lg-Xa jZS 3j^j y^> I V 1 ^-~oLj2)Jl 

> — • 

ol3 3 *^\_j ^3 ^JwO o_Lj.Xj>- Ajj j_j CjLJXXa ijl_LA (J 1 jJ ^ j 

t JJ^Jl j 1 ^JJLa t A3 UaJ I ^Lp c—— i— La-bJ 1 J_>- A_Ulp j_o-j Cj N J_*_ a 

l^ii! j»j ^JaU 1 oIpL j jJai^J 1 ^JL*Jl ^3 ?-L I olS" jZ> b*j2jl l_LJj 
CJ I Jb l»Xa 3j_>- j-J clUX .iiLjfc (1 )j5\j J^Jj . 0 Jj_L>- Ajj jj ol-JLXa e-Lj ( j^a 


c Ajj jjJ 1 A3 UaJ 1 jLXjui jj ^j_*j ? ya y~J ^3 oJjJp <1) I-Uj ^3 AJaXL> 

0 C-UjJJL e-L 1 ^ Lu^/ A_LUjjJ 1 j3L*/2j>J| w\3>-I ^JLo L^_xSbl 

oljlp ^/2_^j>cjJ L^a I wL>cJl^a> I y^S 1 (, i) jjjSL 11 j!j^/?| b)j3 

oj-A ^JJLa Aj>- L> sJ I 3 I 3 JJ l)I ( ^-^-o~o-ll y°J •{£ j-& jP" 

3j3jJi ^Jp wLgJLxj y^} 1 O Ip UajU 1 ^j2_xj <1j j^S* Ajj jjJ 1 CjLjLLoJ I 

^Jp 3 LgJP ^ I j J- 1 ^ ^JwA)J I ^IkaS 1 C ^wLJj2j ^ j jj2j>- V I 

Aa_wJ I ^3 jj Ojj j-yg.l L) ^3 jj La A3 liaJJ ^Jwal^s-S* ?-L) I 

.e-b^^SbJl j)J AplJaXsj'yi 


^lp ^oJLxJl ^3 t>LJ3 ^1/° j^"L> ( J^Jl ^lk3 ^J^LwO 

( j^a A3 UaJ I i]t)LgJLwol ^3 U J_>o cj Ip U?.a) 1 ^iS" I yy JL >- 1 j j-Aj c A3 UaJ 1 

^j/9 <v 4 >c — 1 J t ^ j jj 2_>- V 1 3 j_3 j_l ! ^_i-P 3 Lo_XP *y I j-la_) A_^j>- j 

3 j_3 jJ I (jl ^Jl 1^X03 -^j-^-J oljj_Laj AJ_^3 AJ I oljlp oULx_ol 

c (w^Jp ^ 1 J^ ( ,1 ^j jX-J I j-A oUj-^-JaJ jj^ 9 JLj>*-J| 

Xi j ^-^ 9 J UXjo 1 A^wUa j t ^j^J ^ ^ US" jja ^j-Xa ^^Jp ^^J>cU I aJ j- 4 —^ J 

A_X*j AXa ^15*^ ( J^£UXj JjU 3 >X3 (_^UJl ^Jj>-|jJl (jl I 

ol>l jJL3 1 ^_jwLaJ >A_3 AjI yy> ^P ^J 1 ^J_Pj .oLA^-JajUl oU_A 


30 



^3 j ^ I 3 I (^1 I J *>L>- J I CO 2 J Lp jjy*oj J_>c_>cJ 

4*%_^vjJL> jj_klJJ ^Lj Li *>b- diL O I t 4 JLj UU 1 CjLjUwoJ 1 

^Jllo ^JjJ_s5* {j-^t j j^-^U 1 ^ ^3 1 JjjJ . *y Loj>-J a 5 jj>tL<>J i oLS” j_LJl 
3j_ij_S”j tJJijJl ^UJa3 ^^3 3 J_i J_U 

a.L.^I j-j *L>j_g_SL Jl J_J jjJ jl toLSU-a .Ji ^3 o^M j> Jj>cjL^vw<)J I ^.U-IjJI 

j»lwLi*JL^I (jpj-j J-^J .oL_S' J _^Jl JJL>a C ( GjJjJl Lj*>L>-)) 

oU-& yo jJl,^ J 1 4*0 ^3 0 UU- 0 I jiaJ 1 yjljb ^3 J j J— gj I 

JJJ 3 wLp jij cj IL j-LoJ I j 4jC3_\Jl oIjLp y* cj LS - ^LJl 


iLwvwLvsJl L ^JaJ IS) J(^3 j>-Jj._L^J I ^Lvals'yiW ^JjJaJ ^3 <Lo^a 0 jJa^- 

oAjfc ^3 jjfc <jl yo 4JI3 1 4_i LLa_3 1 y^y>c J <iLol»SL]| 

^Jjl j_Lv 2_/> OjJj-ygJ L L> c_3 j_~- J la. 4 3 43 UaJJ ( J->a L>- 4_J L>cJ I 

l 4 jj j_j jl o3Jj>cJLo j^Ls^a yo jl t jjJiS>- *)l 1 3 ^3 jJ I yo Lo| t 43 UaiJ 


LiUaJl 


r 


y}j .aSUsJJ Ja •> «*» j ( J~a[j>zS *L> j>w 


ojjjJl oLjLx_oI ^1 ^Jl ^Jj! j-L^2-qJ S' 4_»jjjJl 


j j_5Lj <^_i j_^o 4_i UaJ 1 4_J_5 sJ I Se-UL5LJl t43IJa_iJ 4_LaLSLJl 

• *cu L ^5L!l *j»U^»U I 4^L«»^U I t. - 1 Ja - 1 Ua t 

^J3i 4iK j jZSLi ^Ipl ^ UaU <LJ LjJ>- j oe-liSo ^JjJj ^>~ ijLjfc L)l 


4-la-J I 4J^j>c_^Jl 4 _oL> 1 CjL-S* j_LJJ ^j>-ljJi jjj JajJ Li ciiJ^j 

(Plug- oli jl (Grid-connected) kSLjJ\ 

^a LgJj>c^> ^Jo (oLjUaj) 4 ^oLw^s5”j Cj I y>~JLa 1 j tin) 

jJ / i] jJ>c^a J I t 0 j.*.«s2J2.\ 1 0^>L>-jJJ 4^_3|jJ| 43 Uaj I aSLzl] I 

Jjit oliL^a Vjh LkJi 015 lit ol^llJl i*[*y ^ 

1 ^JjLw »j 43 Uaj 4ijw\_J I oL&jjjLwwJI ^ Jwa3 ^3 d^>c_o c_3 j_^a> 

. 43 Ua] 1 ^Jj j->tJ 4Lwi-^> 4flj ^1? 


O jA> 3 jJ^2>a L)} (J J-^U W4iUaji 4_LSLwa^ ^j5Loj 

j-A <C-P lU/P-j 1 J 4jj L>*cU I j 4>J JAwoJ 1 LJL>-L>- 43 UaU ^ I JJU^a j 

jLoNl l)J t Ja>cJ I y*~s>z}) .^<>^>c^>Jl y° -LoVl Jj ika Jj>zj 
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o j_JLS* iiljjfcj t J5L^Jl ( Jj>- ^J-P j-ili 4JLx_~Jaj 

JL>-I 4-al^tL*wO ^jw^LwvwoJi 43 ll? j^L^o I jj 

43 j^oJl 3-lx^a ll? Ltj 4^^wJaj (J jAptJ 1 o Jjk ^jP Oj>t*Jl j*CLxjj . ^Jwo1^ws^>J 1 

4-^J : ^ ]lj j»jJl*JI j-a SJljwLp ^JJaJoj t (Multidisciplinary) 

Cijjt j jJaJ I . 4_*_P LgJL>- ^ 1 jJ_*J I 43 Ls^^Lj (. 3 ^ 1 j 

50 jl t20 1 1 0 ^Jj (^5^° ^^Ip Oj^j d) I (J 1 

jJ I jLls^M (J j_L? I -La I ^Jl ^JLJLjj C Lo jJZj 4_L^i 

jl Ijwd-P v_^>o Ll] Lj .jl jJLJ 1 (J^wL^JLo j Lw**J I ^Ja.x^o 4_*3 jSLaj 

t JaJaj-cjJ I j j_^S0cJl ^3 J-^3 *y I 4_Ljd? oJjwL>- IS Jb jj_kj 

Ol jl^> J OljJJLa 0 I 3 t (J jJLxJ I ( Jw S <23l ^jJzLXJ (1)1 {jA ^jjjS[lA (J j-5sJ j 
. ^Jwo-?d 1 1 ^ LJjJJ Cj I j3 V Li V&Jjjy <sJ>- jZj l 4_*_^j 1 j 

(^JJaJl 4jjlj_^Jl ^3 4_J L>j I 0 1 j j-L>.ll 1 c_3llSvJl Id-A ^/2 j>c_Ij 

^ J-J-aJ ^y 2 ^- <-)jL>oj jjj^_<Jlj 4iUaJl ^^Jp 

Jw4 V I ^j-j j_i? 43 LL? ( JwwAJLwwO 4 lj-J o_Lj J_xJ 'j 4_l^_xj w oJ I dj ijwws^J I 

(Recipe) W4 jL*^ j ® ^S 2 _x_> jl J_>- ! ^ . ^JL_£j>- ( J*^Lco ^IwCl^vw«j 

(J [s^A J*S> I L w 2AJ ^4 L> t43UaJl <L«|jJL~ol ^Jj>-I 

3jJjJl oLpxJIj ^Jju JjJj>o ^JaJLv%o 43 I j3 ^jA £_~olj 

. jo IS o_bJp (jL^-'y (1) j^J2aj (-jL-Lzj j ^j*a| 43 lL> jJ_v2_o_j 
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A3 UaJ i SULoLti _ 2 


loljLwwo 3 j^J jl UjlCo £^3JjJ Ul t 43 Ua CJ J ^3 

jl ja>-! (^1 UaJ I (Jl5w>| ^yO ( Jc5w> ^ jJL> C 3 ji jJ L 

O^I^^Ul i^L^Jl A3 UaJ I Jj>-Ij ^ jJL (Jj^Jl AJ3 JJ aJ L>- ^3 . J^jLo ^Jw^-P 
A_jjIjJ>- A_3 Ua ^Jl LgJjJ>c_)J C ' 3 j3 jJ I jl C ^*-~JaJ I jLiJl ^3 

LXjIjLw^ 3 jJL LoJJ-P jl .(jlj_3l jl ^3l_La ^3 3j_3jJi (J 5 j^~ A_la_^o I j_i 
( Jwx>_P ^Ji ^jj^cJl ^3 A_oLwgw^5vJl A3 UaJ 1 j_>cU iJ I ^J^>CCv-> 

A_Lv^Ls»)) ( ^_p Ja A 3 O^ULo il)lJ-& .ojLwwwJl Ca^\_ax_£- j_> j JcJ ^5 Co LSwo 
LJ jLwa ^3 A3 UaJ 1 cliJ_gJC*u UaJJ-P Lo-jU jJUaJ ^U 1 ^A^UaJl 

iULSUl iULJl j j-^2j ^UaJLwvj j .J^jjJaJl jl t U*jL/a«j IcJlSUoj 

aU j V I A3 UaJ I Ca*)UjJ>o <^JL*Jo 4 U l_>- ^3 c Lg_j L A3 UaJ 1 ^jjja>cJ 

jl a^3 jU 1 ca *y L>- ^Jiu t iJ *^U 1 ^JJUcJ 1 ^s>~j L&j_Waa 

l) j_$U l)I .^a J jjUU I A3 Ua clULgJC*u L o_C_a-j . ^UUj LSUw<U I 1 

^lp J^S” jU 1 Jajl3 ^wJj l aJJu^o aLoIS” j_>o U^U_~o Jj>-jj Aj L) jJ*a 


4 Ca U>- 1 ^JL3 ^ I Aj_LxJ| UUwA 4 4 — &.+*> ^\J . A_ o Lg U 1 iJ^U^JL^'yi AJa.^-) 
JaJz3 l)Uw^>UL Jj>- Ij 4 Lg_$U_gJC*uj A 3 UaJ 1 Lg-j 3 jJj ^^Ul ^ jJaJl ^.wJcJ 

cal j*j UJ I jLcp'yi -U>- U t A3 UaJ I jj>o ^jy>- ajjj 

Juj^U ^iSU I UajJ I jJLfl-xU I Ca I j -^JcJ I A^>o UJ I A^U-SU I j I 


( Jww2jC_> A_iUaJl A-Jwo-P ^^3 Lo c _3 I IJ-A ^3 .A3U2JI 

p. w > ** f, 

A 3 UaJJ Aa- ^lioJl «o Jj J_>U 1 UlJI>) jl i y~j cJ j^j 

U (j! v w>t_) olj cjl^l ( j-* Jl_a- c 5 U j 3 1 a /9 a iC^vwJ 

.A3U2JJ aU j 'y I J^U^JI Ja ^3 JU -3 3 wlP A3U2JI 
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. 4_i Q 2 J I 4_L*j 4_L^vwL^vJ UaJ (1—2) ( J^SUjU 1 

j^L/2^ 4j JaJLs l_LJ A_L^vwLwsJ 1 oUj& <j| 4_v2^>cJlLa 0 ^Jaj e-UjJU J 

1 U ^ 1 <-3 Jb J£S> aL 23 O l-A-J&l) j t 43 UaJJ 4 J J I 

jUlpbj . 4^P lx^?J 1 C->ULo-*Jlj JiJl J C 4 jj L>tU 1 j 4jiw Ji LwoJ 1 4J3JJ 

Lo-j 13 <Pj (J jUU <jl ^U I t 43 UaJ I Ul^- la- J)U C £3 I jJ 1 lUjk 

o-J 1 ^v23l ^Lp 4jJLw<Ul t4^_)j'yi ij ^ 1 C3lpUa3 .jaa Jj>- I j l ^-£' 

t4_>LgjJl ^3 j . ^J-> j_>cjJ 1 4 _Lw_L^o 4j 1_£j oL>oL j_~o jJ t ( 1 — 2 ) I ^3 

43 UaiJ 4Jj ^ I j^Ls^oJl wb>-l 43 UaJ I ^\ 4^>- U>U I oJ-A LojU ^Jo 

. ( J5wJl> ia]a> c-^J 1 ^v23 1 4a^-jXUl 



43 UaJ I UJu- :(l-2) JiLtJl 


ii ^ 1 c_3jJaj J 'y 1 ^j-o 3-LP 

JliLil ^Jl jSf 1 c _^Jl 

l <-3 jJ Lo (J LLo U_>- L . Jp- 'y C3 j ^3 I J a>eJL~o L^JsJ Jj>o j I C 43 UaiJ 

^la- Jadj jl (_£j^jla-l 3^3 j (J L ^^JL> 3^J5 j 4j> Apxj 
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A_S” I o jJLl 1 1 <1)1 .A3l_la_Ll j I 

^3 A_L j^>cJLj ^ L>cJ I JajgjJ I A^xJ ^Jj ^jl ^Uc>s-> i L*3ljJl 

.(l — 2) 1 ^3 A_o UU 1 a\s >- I ^3 j-A Lo-S" c JajajJJ o L ls^q 

j_j U ( J^s_Jo ^Lul ^_A Aj>JL*_x>J| A_1j>- j-d 1 oU-A Aj>&_*JL> <J 

oj-A <J *^ks>- LsAj! J_>- j_j . ((A 3 Q 2 JI o3lp Lo jl c 43 UaJJ 

^ .g -^v.J L> 4_Jl jLJL« j_A Lo»S* t o ^3 1 jJLoJ 1 A-sUaJJ <j|jJj3 A_i_>- j-oJ 1 

.A3liaJi I y>- o j_j Aj>J L*_oJ I o J->-j Ja_>j_> (_£UJl clU3 J^P 
aJj>- I ^3 (> j -^ 0 j-A Lo-S” < Lw»j A-LwLs A3 UaJJ Lv 2 _j I wL>-j_> 

^j±yS) o j j5Us A.Ja.Aj Cj L>cjU >3 ^ ip .J5Ula ( _ 5 ^J . ia.Ia.^oJl All li) 1 
.j^>-jjwLs_gJl c jlpj c*Lj^_Sj (*>ULa ojLw^UJ 

(Olp ^*Ju <. ( J~j2JLo Jl Jw^UJl ^J| Jujj>cj ^*Ju L fljjpj 

5 V 1 aL>- ^U 1 ^ Lip-'y ^ 1 ^\J l^&L>- j al>^>o 

o jL~Jl 3 j_E j <jlj^-- ^3 ( ^_> JlU 1 C LojLw~o aJ L>- ^3 .A3 UaJ 1 

L^j-D-p . Lww*J 1 .il ^_>c_>3 aJs-wq 1 ^ I *yj I^_a U>- <1) 

^Jj jj>o 4_UU_~o ^3 o ^ 1 aL>- j^U 1 o LwO I J-o ojL^Ul 3 jJL j i] 1 
Lg _«3 ^Jo ^U 1 iJ ^>Ug_l~o *y 1 c _3 jJaJ o j^>- 'y 1 aL>- jA .A3 UaJ 1 

^S\_o LSwa ^J»oP ^3 AjJj>s«oJ1 A_oLwOw^5sJ 1 A3 UaJ 1 ^Ju j->zJ 

o3lp w\j>- j_> A_L>- 1 ojjk ^3 .0*y_>c_*Jl j_j Jj ^jJl iJ AJa-^» ' j-j 

A_L>- j_oJ A^aj*^LoJl AXj3 jJ 1 o^LaSCII 0 j3 1 jJL^J 1 A3 UaJJ <j 1 Jjl3 

/». ^ -*-vJ 1 A-la.~o l^j L I aJ| jLL« c ii ^LgJLwx *y 1 JJP Ao l^J 1 ^J>j^j>tll 1 

^_Px_oJ aJ-L-<>-> 5 A_^>- 1 1 o^i-A <Jlo LS” 1 3^ . A_L>- j-d 1 o^A-A J^P ^^_<JJLo_l 1 
^li-j 3 jwL>t_i <Jj_^j <jl o J_A A3l_laJl J_A3 <jli C COjLwwwJl 

j_P .Jj>-1j <J iLo Ja-A3 1J-A ^JgJ L) . Lo ^_A j 1 ^3 o3j^>-j_^Ji A3 UaJ 1 

aL^vJ_^o <J *^k>- ^>jl3 A3 UaJ 1 iJ *){^L*j* ^jjUww^o (_£ I <J I 

•y CO^UJI .( 1 - 2 ) J5^J1 ^ i^Jl JJL.15CJI 

> ^ 5= 

V^-P-XJ L 0 JI 3 jj-^J t Aj jJJa^O A_l_^vs«LwvJ 1 ^3 ^wOJ>- <J J-S^J 

(. *^kLa .^Jj' yi A3 UaJ 1 jJw 2 ^ oL>ob c_aL>«J 1 iJt)U^ls^ V yi c_3 jJa A3 Ua 
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4 JI 3 A 3 U 2 JI L>- 1 *\j Jl 0 j5j La_U»P O^UJl ^.Ja.X^a ^3j 


^Jl c ^lj Li*)} 1 


j j_3 0 jS) L_a L^5 t>L^JL~a 1 

.La jl>- *L> ^5. 5l 


4_)l j_Aj C ( 1 — 2 ) ^5s_JL] 1 J^a AwO_LxJ J^5L*o-j JL>-lj ^j-oj3 

c 4 jj jjJ I 43 IJ 2 JI c jjjis>- *)! 1 3 j3 jJ 1 ! 43 UaU aJ j I j3 l_v 2 ^a 4 j^\J Jj>-j_j 
0 I 3 I 4_^3 g^o-xJL^o C^3 j J5 ^3 4 JI diiJ3 ^Lx_> .03w\_PxJLoJl 43lJaJlj 
c_j1j La ^j_2- 1_Jj j I LJ JJwO L j3 j I oj Lwwo Cj 15 e- 1 j_~o l 43 UaJJ aSLL^JL^vwO 
e-ljjJi ^\ fL ^J5 ^o 43 U 2 JI 4_L~v~L~o ,j_SLo_> 4 jL C (J 1 jj>- 

AiUaiJ 4 j *>Ll! 1 4_^vwOjJl j^Lv^-xJl oj_A J^a (^51 jl) _L>- 1 j 

0 3 w\-^T. 1 1 43 UaJJ l_L>- (J-^Ls (JLow^jLwoI LJL>- Ll^J Lp ^3 Jj>- j_> 1 L5_>l 
^Jal^wU Ij5Laj t 1 43 Li? j_Lv2_*j 5 ( 4_o LoJ 1 43 UaiJ Ja jj>L*a ?-Ljtl~oL) 

^ > f. * 

43 LI 2 JI ^Jl 43 UaJJ L5^LgJLw*i L^jL £-Z>~ jJ l)1 Lo j-Aj ^_x3 1 J 
-Ll43 4j j jJ 1 43 UaJ 1 l)I L^-j \j^j>-\j . 4_> j jjJ 1 43 LLJ 1 jl 4j j jj2j>- *)! 1 

jU c 1L_A Lw«jj ^3 I <LoL AiliaJl J^a 1 L y>- 

.4_J^I 43 LL5 4_*^o-Al yS^\ j-U<g..<J 1 clL>> ^Jj-u 4 jj^j2j>- V I 43 UaJ I 

^->sj 2J 1 ! <L*wO j 4_o^y>- 4j*^\j j jj!>- ^ 1 3j3jJl 4jJ^xj 

jJLju tLJL>- . 1 jLxJlj t(j>L>cJl Ja i-J 1 jl) 

j_A Lo5 ioL j-giLJl 43 UaJ 1 jjJ Lo^a LJjl ijwLs^a (_£ jj>ej> cJ 1 ^J>sjjj 1 

43 U 2 JI ^J>a ^5^ 1 Jj^Jl LiJwO jUJl ^0 JUJl 

^yo Ja_?-*l>Lj O I L5 j1 ^52>-j . J5J1 A^oJaj’i ^wL>cJL--vw<)J 1 4_Jj^l 

4_o_^a yJLxJ 1 43 UaU ^Jwa 1 jj>- 4j *^15 JaJLs 4jI ( 1 — 2 ) 1 

La I ^x. ».«.j?.l ' jLxJlj j j52J 1 oL>cjjwa L y^j LJL>- 

43 UaJ 1 jwLs^a <b I ^i? L>- La LJ Lp t J jwl^J I 

. L^J LJjl ljwW 2 «a 43 U 2 JJ ( JwaU- 4^5 j>cJ 1 ^3 j^3 C 1 ^3 

gi> L g_v23 ^3 J^51 g_w2-AL> i. oL>xJl 1 j_A ^^3 Lj c_3 J_^A> 

oj^j LJ L>- ^J5x^Uvwa 4j V AiUalJ g.^Jl>c«a ^^a L>5 <il? Lwv-o 4^o c_3 j^a> 

. Oj^S AsyjJj 4 j 2 j jlz} 1 
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oljL*-o*yi ^tAJaj ^aj {£ oj-wo ( 1 — 2 ) ^J 5 LUi jj 

.J^S*-^ 1 i] 'y I c_3 jJa ddP ^JjjP>dJlj LJ J V 1 4j>Jb-Jl ^\s>~ y 3 ^3 

^3 ^A oljLx-o'yi od_A l)I d_>o c d_jdj>- J^a ojLwwwJl U La j»ldidd»L 

.Xww*5! (J J Ij CO 2 -Lww*5 I 1 j jl_P J5 w> ^Lp (_5^ J V 1 4p>-jdJi 

-L_^j 15 Ij c HC S 43 ^_*_p 4— > I jwL^a ^_j ^ dj I j Lp^ t CO l) ^-^J ^ 

N0 X j-a ^_; <i j- 4 <bl_p Lgd5U t NO 2 J NO ^j-vwoj ^J5Ld>) o jj^y 1 

^j_SvJ t j-5dJ I 4_UwO_P <J^L>- L^_3^AJaj ^JL> CjljLiJi od_A J^a ^/2 _x_j 

L> LwOw_SsJ 1 43 UaJ 1 J^a 'y 1 <JtAj>- 43tAiaj ^-Xj L^oJa.^q 

J5 oU jUJ 2d Lo ^y 1 1-L& J^ji, • OjLUl y>z~a ^3 d_La ^Jwo_P 

Li? Lo j 1 (. iJ tA-gd_~a 'y 1 L jJa aJj>- j 4>J j V I 43 UaJ I 4 j>U L*-a 4_L>- ^a ^a 
CaL 5 j_x>_Jl ( J^_P l_i_j 01 .AJL—Ulj 4-3 Llaj 1 jJ*L- g-X— w» i lwL>- L» ^ -a 

jJk t ^La ^vwodJ I 4^_U I 3jP>- jj C N0 X ^« 43 JZs>z^ J I j^P 4*J ij dd& jj^5J 1 

^3 4_^_oj <Li5LLa ^_--»/?| ^jJl ^jL>-dJl > Lw^aJ I ( J5UxJ ^_P (JjJ_^wa 

(jl-LJl ^3 La dp- LSLdU I oLa C- SLJZs>zJ dj J .Adjd-oJl j5l ^<U 1 
^j_P 0 j3 L?J i dd Lj Lx_o ^ 1 J^-a d_ 2 rdJ 4-aj LygJ 1 ^j-O I j2L) 1 0 j jJaJdjJ I 

^oJdvJ L j_^a> LSLbU I odjb ( ^j5J C Ao Lj j-^U 1 43 UaJ I dd Ua_>c^a j ddl jLJl 
4_^aU>tjj t dd IjL-Jl 3d_P J_^_J ^a ld_>- 0 j_Jaj>- A_L5Ldwa ^_w^adJ 

4^a LJ 1 ObU^'y I 


4 d-o 4 J 5 Lw 9 ^J| CO2 jLp CaUL^-oI 0 } t (_£ 4 _^>-U ( J^a 


4 Ja-^» 


JH 


S^SJl 




^UJ 


^3 jd 5 1 ^J-w 2 j 1 Xj j-oldJl ld_A Ld s 9 .^jl y>Jl ^old^N/l j-o Lj 

CO 2 jLp Oi aU? La JL>-^Lj ^.^J t^JLll 

jLvL* j! ^ LL 1 y>- \ j>zS (OL-Ll ^c 5 d^ oIjLpj) 

j j-^j U ^vwo-dJl ^j-a Lj'y I 0 J_w2jjj 1 4 j>-j_L1 0 b dd l_P Lx_JoN U 


ob a_^p 


j-Jl J jJ^ 

4 la .«i Ijj rtiUaJJ ^sL^iJ 


U<_Ji'y I is UaJ I 


4 ^U 


Sll ‘JaJ 





I i l_d I J jJa S I (wave Length) 
d) UJJ^ tS^J- 1 .^UijUl olaxjL 
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.J^AjJl I L>-j 3 IwlSLkj (_£j^xJl c_i*lAxJl 

^_3 (La Lpj_j) Jo_>JJ \ j~-° I j-^ 3 1 oLS” LJ-Ji ol ^-p^JI ^_1_p 
J a-^o jJLa O Li O^M O j-£3 lj_> 1 I j e-L>-L*Jl ^Ja_*_A oli t^^/?L»Jl 

^LLoJ 1 (_£-L« ^1 p L>jJLa a_>- j 3 0.75 c^-x-dJjl J-i j V 1 Sjl a^-j 3 
^SLOu oL^u^M ( J ta *3 jl c^jL^u^M JaLlJl o^-j dLLj A^s^LLl 
C0 2 jLp :>Lojl ^Jl ^Sl L* 

^<aJj ^ -L> j t o j-wLL L Ljp- 3 70 3 j_l>o j_& jo$* 1 lo»& j i LJ L- 
^L_s LL jJa s <J t>L>- Ja-^o jjoL 1 j_a ^jJl Oj_L_xLL Ljp- 280 jIoJLa 

^lic J LJjOJl A^j>LJ I Op-^X3 1 . jJ^S' ^jA LJ 1 (J j-flJ 1 ^3 A-P Lw?J 1 Sj^Jl 

_o>-l jJl o I aj L g_i jjp C0 2 jIp J* oL (IPCC) ^LoLl 

L>wA cLj-wLoJL Ljj>- 900 j 550 ^j>o ajo*w3 ^jI^jO ^ y*^ Jlj 

l- 4 °C ^ ^ <_^ o^j I ^pxJ I Ja-wo ^L a ^9 <ol> j 

o 1 S^LjJl oJ-A J^P Lo I v .3 I I O j^oj . Aj^JLa 4j>-j3 5.8 °C j 

a t o3wA_>t_>3 ^_P- La Ip ^_j I ojl j-^~ Aj>-j 3 Ja_wo jJLa ^3 

<uJajL I Aj J-LptJ 1 oLUa^Jl ^aij2j *>1^3 Lg_> I ^Jw<0->c_xL 1 

03 j .^JL*Jl ^j-^s J^3al_0>Jl ^/2 _x_j ^3 o J_j JwJo c_3 LL>- jL^Jol j 

^Ja.^» (_£ jJL^vwA ^jUjJ <jl J^SLo-j Aj L L/2-j 1 (IPCC) <Cj>L C^x3 jJ 
^^Jp ^Sjj jl jiL w ^JJl CO ^1 Ula ajI^J Jjp 0.9 m j 0.1 m 

ioj>- o^-La.>- v w3 1 j_p ^^-5} (9.0) Ul^JI L> jjOJLl) 1 A_ows_iLl jop 

ol L^ajl ^j5 L> j ^JaJ Li .aLj^-LLI oL-^opc^JI ^)l_ 4 »^woJL 
c^JL^Jl ^ J^ 23 L yhjS\ 

ol jO-o .LoIpxj^/ 1 JuMjiJl ^ 2 ^-j ^jA LI ^LJL j 




sx-^v-j (^ I ol ^^Ip Ip L>->-| Lla 
. ^Jl*Jl j aLUJI ^-L^-a ^3 


j*-^ 


O-a-C’ '- :; ---0 (l - 2) jP^Jl ^ 4J™<J| ii UaJ I ^j^>o oJj >- j 0| 

J^a Aj|j .LsUaJJ oOjOp A^oJa_i I j^a ^_^a * j^T Lg-lSC c Li Ua_L 

JLLo^l L^J-SLsij Ls UaJ I ^j_)j_>cJ ol oOjOp cj L/ L>- ^3 {£jj j-*+ 2JI 
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^ ^3 . j] J^-3 43 U 2 JJ ( JwoU>tS” 

Lo-S” o j^Sj Lw0 43 U 2 JI <U-L<>_xj I 4_*j>-LJl ^ya <1? L ^wo 

. 43 II 2 -U <LJ j I 43 11? L 4j>xSS~a 

L^Lq^p o < l)j. Mil* ojL-Jl 

^Jwol>- OJj>o IwLSsJ^ j .<L*S j^} 1 0 Ltf-s^2-oJ 1 ( j-« j-oJL^vwfl 

^J^3 t 4jdu >«^ j wUp LJ Ip (. jj j£s} 1 J-xj ^L>- j^\ 43 U 2 J 1 

^3 ^jl ^j-> l <oLp d)J_>tJ c ^AjL* 5 .ojLwwJi 3 j_3 j 4 Jj_*/?j 

4_la-wQ I j_j L&wLx_> ^JJLlJ jJ j£cS 1 0 La_y2^a ^3 0 j. C3Uljj>- 
I j_*_>-l ^Jo i^Lwj>- 4_L^x_lJ I olia^>c^3 ^3 ^ j_j Lj ^j_>Jj>o ( Jj>- I 

4_wvwO^Ji Jl C 4 _>lJL^>&J I ^3 .kw-wUaJl JJ-P ojLww^Ji <jlj->- 

4 J j t 4 J j_g_^vO l)Jj>o 4j I j_A (JjLwo pj-^yp ijij ^\ j!) 

.UL?-^ dJJi ^5 jJ cJ j-wo L>_S" ij_>- 4 _JIp «SJLk iiLl?)) 

0 j_Jo La o3 Lp j i O j^S oLwo-5 C 4_o Li ^_SG 1 43 UaJ 1 ^j^>o ■>/?.) 1 

^3 ^ IgJl c_3 ^JflJl ^3 4_L>- jA ^!l 43 U 2 -U JwoUtS” 

j^alP jl ^jLj-^ 5* ii j^>c> 3 4.]a,wx 1 jj <olp ^Jj jj>dJ 1 ^*Ju 4 J U»cJ I ojjk 

0 j_Jo L^a <i} jA l^*Jl 0 wL& O J C 4_J L> 4aj\1* ^JJ 
L>J .4_oL>j-^^Ji 43 U 2 JI 4ia^>c>3 ^3 jj jA 1 ^ llkj 

i 4 -Lj jJj? cj li Lwvw^J S?-La5sj j^_p (J iJLij *)1 1 ?-ljj_^5vJl o! 

^3 4Jo Ij C3 LuJaj <Lw^jJ Ij ^jj'^xSS I 4_>- L>- ijljwA cL— ^vwJ 

I^Lp oL^JaJ 4_^jJlj ^j_SsJj . LooU^Jj LwoLSCoj LJjljw« 

L j_>o *\j j^£}\ ^jjy>z3 t^yLi 1 ^1 1 jl 4 ^jL> oljUajijl 

0 jJu4 -3 1 4_o L> O jjLs^JajJ 1 ^3 ljj>- 4 J Ul3 <Zj L j li?.-] 1 j j-Ssj . Lv-o J 

L^J C ^ 4_o J 4 J CJ I jj 

4_^_^*j | J CJ La_wJaJ 1 4_3 UaiJ 4_-_3 LS” J_>c_j 4_3 Li5 J_x_i 




|Jl& 




Jj c_3 . *}\Sa 4^j L) ^_^5sJ 1 


■IjLJlS’ 


)L2^VI 


J> p\ 


> 

^j^LJO (j|j-A3 4_3 LI 2 J 1 ^j-j jj>tJ 4 _L~vwL~vJ ^ oJ^JJ iJliA 
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l)I i jA ^_p j]\ ^J_p J ( jA aSs>- jA J5 (J *}L>- J_oL<U I )) 43 UaJ 1 

Ua jJL>*aj 4o J.+&A U>ol3 A3 UaJ 1 (J I LwoU_*o Ui-^ Uo3 joa jjU I I jJ 

a> ^ > «- 

Ub- j>» JS* -1 *j V^a jtwaj c c5^ ^ LgJlj 

(1) I JJLs)) S WojjJ-g-oJl® 43 UaJ I ojjfc o3l_P . ^Joj_>ejUl aJ_~U_~o ^3 

tASw> ^JLo LgJ 1 ^jA ^_P jJ 1 ^Lp J C 4-/?i3>cJo3 0J I ^a- 4a>-j3 wUp W (_£ j I ^a- 

Uj c ^\JLo . Lo LyaJLg I jl Lj-aJ {Sj'^r U ^-~_U L^lwibcjL^l UU LEUaJJ 

SwLoLoJI A3 UaJJ UIJ.A3 Jaa-*>L tojLwwUl aJ L>- ^Lp 0 jJaj UoL) I 

^3 JjAa- ^j>aj t 1 ^LuV 0 Lao 2>U I ^3 j>UJl JaUU 1 Aj>UL^o (J *}la>- 
aJa^o 1 jj -LoUa ^SLu LSwa J^U 1 ^3 ioL<oLsJl A3 UaJ I 

^j-o I j3 J^a ^jLUlj t ^ I Jj>cJL^ *}U aJjLaJI A3 UaJJ LI-LLaJI |J_A 


A_3 UaJ I 


^JJl o^LaSU I ^IwLLoo o 3 Lp ^)w\_Aj 


^ iioLUl 



^Jo jj>eo 4_U_o-P ^3 J jJ-woUl 1 j\ ^IwL 

o^LaS jl .<lU_x>-*J! A_j 1 J_j ^3 0 j_3 jJL<U 1 4_UL*_>-^M A 3 U 2 JI ^Jj c 43 UaJ 1 

Aj^Jl ^3 85 j_A j_5UU 1 AJaj>t>j ^3 ^joJJo ^Jj ^L>*Jl JaU-U 1 jj>cJ 
^3 A_o Lwo-^5sJ I A3 UaJ i ^Jj y>zj ^S>- i ^jA LoJwO L Oj LwvU 1 aJ U>- ^3 t Lo jUj 
a 5 ^a»U I ^JJL> aJs>-jj U jj>t_^Jl 4Ja-w*j Ijj ^SLo I5wa ( ^jJ^Ul 3 jij 

o-la-j 100 U_L> (. {£ jS>- \ A_Aj jJao .AJ_^>J| ^3 20 I jj>- la A 3 
Lla > ^J_p (kJ Uj-^>“ ^1-SUU ‘Lwo LSos o^Lp) a_U j * y 1 A3U2JI 


A3 UaJ 1 ^jA Uj->“ J-UU* 85 j lj_ia ^3 ( Jws^ 2 j>o c_3 C L>- 

^3 j2>- ^Sj UJlP j . ( Ja-All 1 jj j£j Axj) J^U 1 ^3 0 1 jlz>z~<J) 1 

oJj>- yj L-li-4 JJu (J-boa) A^SoO LSooU 1 OjJJlS I ^Uo^[ U jS>z^] 1 
A^Ul ^3 20) Ja_A3 Uj->- jJ-^* 12 Uj->“ j-US 85 Jl t (kW 

L)U ^1 lU U j .o*!)L>t^Jl jjp j_U>Ul ( Jb-jUi (<J jj>- jJ-U* 85 Jl ^jA 

^‘} s Ji o» C aU-x>^J I oJjfc ^3 A3 UaU 0 ^ UaS^J 1 ^ U>j>U 

UaJJ-P AjI 0j^>-'yi A^>c_JlUl J .A^Ul ^3 17 Ja_A3 C ii ^ 1 

^gJlo aJ jV I A3 UaJ 1 ( ^a A^oJ I ^3 83 ^Jlja>- l)U A. 0>-3j^ao 0 j Lw^o 3 j^j 

* > 

0^1 A_>-^3 wLX_p) 0^)1 ^J>- ^J-SUoj ^J_P UU Lp wL_A_A_) C A3 1 la 5 
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(. pi 


UJl 


ol jlp j SjL-w»Jl y° Lo ^*Jo ( a. a >Ca 

. 1 gj J 1 oLlv2^o 


A_3 UaJ I y~a 1 f-X> 4 jJlU L^Ld- jS 1 <dl5LJi oe-LL^Jl o j_A (j} 

L^>- ld>o 1 OwLsjLoJ I A 3 U 2 JL e-L^Julj 4 j ^ 1 jwL*/2-xjJ I ^3 o jil ^LoJ 1 

oL^-'yi t L*jLv2^j bJjbwo jl IjJjL_~o ^3i ^J\ 

4j>c_si>lj S jLil> 4 (Well-to- Wheels) — SELLS' 

<a!jl>c^3 ^ aJ jLLj j_lp .^lU oLlLLsU 0 j 1 jiio ji 

A_o L j_g_5 AJaj>t>3 ?' SjL— do 15 1 ii t>L^Jdo I <-3 Jb 4 j>-[s>- <d_Llj 

0 j5\j ^O^UtP _ L3^i o^li5 <jL (. ^ y>xj>t Jl ^»j>sj2J| ^Lp 

o*Li_SLll oL_a <_ a +/? 7 .A-iLlaJl j>l 1? ^ 1 ^^J-SLJl ^J. «/9 3 S I jLo«_^Jl 

AiUaJl jX^a yo Lj_> (. A3 U 2 J 1 jj>d! 4_LolSGl iL^LJJ L5 iSl!l e-L'yi 
l)j-5o l)Lp-VI .^2_xj ^3 . i] 'y I djJaj e-LgJulj 

( J5doj 4 A3 U 2 J 1 ^J3 JJ ^ I j5nJd> L> 1 J_P Lv^ aJL> 1 0 wL^J L 

o3.A_*JLa dLiLi? ol^ oXJi-x-A A — o La j i aJ L>- ^3 ^y3 L>- 

IwISLa ( j^p Si Ll« (2 — 2 ) ( J5dJ I . L»2 >j ' o3wLd« 

.jjdJ La ldl3 L ^}\j S jlwJJ |jj>- Aia_^vs_J I aJL>»J 1 A^wdJ L> IsIs.-Xa 
L» L >^>a LJLp jl c aJ U 2 J 1 ^L~2l Ja L >^o JJLl 

^JuJ^>)M J~i ajIJlJI 4(Sankey Diagram) 

^-sLp ^-w-LJl j Ja Jl ^ ^Lp (^JlSI (M.H.P.R. Sankey) ^^SLjLo 

L)| .A3liaJl Jjy>zj aLv^Ls» ^3 A3liaJl <^Lwwol jljJLoJ L*j Lj y *^kJX J 
j>UJl Ja-dJ ' ^lJ_>cjdoL 4ojLwv»Jl aJ L>- ^3 A_iL]aJl jA 

Lo-A_\^>“! 4 sImj) o ^>3 4 A3 UaJJ j-Lsj2^5 

^SMj 4 jXi ^J\ j»L>Jl \s i. \ 1 1 Jj_^>cJ Ja-dJ I 0 1 i ^2 ^ 

^SLo iSws I ^3 ioLo-Xll A3 U 2 J 1 (Jj_>o ^JJl i] jS>z^] 1 

p f. ft > 

» ^ L^j * y A_LdxL 1 'y 1 jl ot)LJad*w<jJl o^Lp j J-J 

dJLoJ>-^ll A3 UaJ I ya aIIoj ^JJl *y>d\ ^3 Ljo A3 UaJ 1 

. 43 U 2 JI 4-3L^ol oIpxjL i i Ldj ^JJl J 
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jJ—S 100 4_j| i?.l?.>c-OwU 4_*_>j_-Ui Ll> Lx_^J 1 

85 I 4_Uo-£- ^3 ^ Jj>LL-*w<J 1 ^ L>U I laill 1 ^3 <Oj3>-j^>Jl Li UaJ I 

^JwAj 4_^_SUl oJ_A J^a j t J_L) ^J-P 4_3 UaJ 1 <Jj-^>“ jJ~U* 

43 UaJ I La | .Sj LwwU I S 3 LJ 2 J -lU^UI (J jj>- j-U5* 17 iJ I 

Ol-ULsW—S' 4-LwwO ^.£3 ^j_oL& 43 UaJ I ^JJ_>- jJ* Ut>L>- ojj-L^oJl 

L)l-\JLjJl iJjk ^-Ja-*_a 3jJa_j tojLw-Ul ^3 .^j»jJL>Ul LJ-S" ^3 

0 jUJl ^oL*Jl CjIjLp J^-a ^JjS Jjj Jb ^jS' Ja^>c-<J I alj-^Jl ^Jj (_£jl^>Ul 


JLA 


JaJai-c-U 
jli t 43 UaJl 


• l£ J 1 j^>U ^ ^LLoJ ^ Ua .^0 1 iJ I _L 


> La < 


^Jw<>_*JLwvwj o j-a ^3 4jl tJaj>-*)Lj l)I ^UaJLw*o cULLo-S 


4j«a LU> Li—U_*» J^a JaJl3 .-L>- 1 J a j3>- j_A Lj jJ Lg-J I iJ *}LgJL» 1 c_3 jJa 
Lj *>LJ 1 4J jS\ <3 UaJ 1 j^L^a Jj >- 1 ^Jj aljjJl ^Jj LJloJ 43 UaJ 1 ^JjjJ>lJ 
4JLwJ I ^3 43 UaJ I US' ^LgJL-a 1 *LLP 4_La LSsJ 1 O I j_o LU 1 *-%-&-) ^^SU J • ^ ^3 
Jl^-U l)I Lo-jU ^Uj>*_> t Lw-S j_SU -La ^ I 4_UjJaJl UajjJL-o'Jl ^^3j 


®JaL%jj^fl® JwU-j>tJ L)J . Li UaJ I 4j_aL$Ul LL^L-Jl jLllp'JI 

Uj-L L) I Lo jl Ul t i-Ls4>- ^LLxj 'J US' tA g - - * 1 4jaJl‘J c—>^3 'J 1 LJ-^U— UL 

4JL>- S J (J j-v23 ^3 I J-o c_3 .LiUaJJ LjIjU>- (. -3 1 j_P ^ L ^JJLjLi 

(_£ jj <-3 j— aj .Li UaJl LL-U— U ^L> ^J-Jj>cL) j»La 31 j^a LuSLoJ o wLp li 
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iSlkJl j y^.i ^J_P U_i j_i3 ya o^LflJl L^2 j ' 

Ua-LX-P (2 — 2 ) ^3 AjJwwoJ I cii-ijLS* ^S\_> L~o CJ UaJa.>c->i 

JLJlfJl cil^Vl iJjVl J^U^JI ^ SJiLuJl oL^I 

Zjy& ^JL- Ja 1 ? aJLaj .4iUa_U j»Ij 3L*2J3l Jl>-I i] ^>U^_L~o *}\J 

^-«.vaJ ^y&y 43UaJl ‘U_~*U_~*J 1 Jj>- SwLsjLoj 4_*_> 

4^_jULo CjlJaJa>c^3 e-ljj ( j5Cojj .OjjA^a 43 Ua l^Ju j_>o ^Jo jl 43 UaJ 1 

^Jl 4 J j V I j^L^oJl t^iUaiJ L5 !U^-)!l <1)L~^>JL Ua*-LU 

{ y^~ j I 4j^a 15 4-0 L»32J3 1 (J ^L>“ ^ ^ ^\J 4_o LgjJ I c_3 1 ^Ja ^ 1 

OwL^o 4_U^>_*J 1 ojjt J j5oj .AiUa-U L*J I ii ^ 1 ^J Lo»>4 43 
<lJ jVl 43 UaJ 1 1 _AwLLP 1 4_s>- j_\J 1 jl y\ ^3 y 2 L>- ^J^Ss-JLj 

• l£j^ ^ r*“ Ol-^3 J5w> 


43 UaJ 1 ^L~ul ja.]a.>c-oJ *)! y>~J* y S')!] < olj>*Jl lU-A c_3 y* 

.^^oJl^Jl 43 UaJ I Jjl y ^51 ^Jajj Lo-Up J-Jil*j| ^y^gjs] 1 ^3 
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Ij &£Ua)I - 3 


^ I -Lj>&_Oj V I O I ^_3 t-ii_oJ 1 JwJ_3 j] Lj — a 

j-o Ij (jj .AOJl J-aIS” ^J»P t>LoJ L> IjjJj>- I^Lg-^J ^JLLj (_£j J j2j> “ ^ I 

jij . L-<jJLpj L-L>sj5 J»*/2j>o ^bwoJ I j e-lj_gJl o3jJ>- ^3 ^jIjj 

^A I J L ^j-Ov-J 1 Ol jJ^S' JOa 4_J_Px_^J I ol j_o LlJ 1 O jjC , Jl 

LoJ 1 ^3 ^jL>-jJi > j L^JJ J^SoJ j e-!j_g_U o J_lJ j^yJj J-£Lo> 

<U>a J_X_>- 1 j3 ^J_P Jij>- ^Lo JSLo O-LOJ 1 ji j *5vJl 4 _Cj-OJ 1 

tAS* o-La oljO-Jl ^3 p-lj-^Jl o jlJ ol ^JlJ 

^ysJ>z . J <LoJa-i I LiL^^/L* r , I j_p o U L*_ o I 

Li Lkj 1 ol_l2_>c^a JjLa t AJLjLLSI A-^ir.^,^-1 1 O LooJ I O l_J l_x_o ^ I 

^ J-^ °J-* 0^° (*■* *l£jj-^"^ ^jijJl c5^ LjL^iLII 

^_3 Lj jj>cJ I j^Lyg-oJl 4JL-A Jo O^j A_la_-j I j_> OwL>tJLoJ I O L> ^ jJ I 
Lj L>->- LJLSJj (California Air Resources Board - CARB) LJ jj.LJIS' 


jiLJ t(US Environmental Protection Agency - EPA) IS^aS\ aoJI 
J-J 3 jiLwAj .Oj j-Lu-oJ I (JjjJl ^Ja_Xj3 ^3 A«LjLg-j9 ol jl ji (_^-J o'y I 
^3 1 ^AO_3^ 0> Jl_p))^ CO 2 ^ Lp (J ^ LO-A J -XjI^JL« 

ys O J— J Jwsj2_<lj I 1 -La ^3 (^Uaj ^J_P ^JUll ^JoJl 

o j — j j t^ij_gji ^3 o u U.O *y 1 oj-gj A-woJL*jij <cJj>c«<iJi o j-jLJi 


.LJL>tJl c_L-L>till oLoJ 


c/~° 


<uLmJI o Ia U oA^y I .1 .3 

Li L lSC I 0 I 3 jjL? L oJ I ^^3 ^oJjLoJ I ^L>c_^J I £-lj_g_Jl o j-Lj <jj 
j— j Lw^J I ^jLwo— SLJ l J-p LLJ I ^jA Sj-^JLJI L)-tj>-ll ^ LJL^Jl Lo 15L— J I 
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Jl™S1 




Jjjjl J5CU J'. 


(-5 


ij c co wLw^vwS* i <j j i j L p 


>-*)! 1 I J-J 

gjljj jrO-jLj 


j*s* 4_o IjX-A 1 d-> L5 I t NO x o jj ^ 1 wL^w 15 1 c SO 2 do I 
^^«wuj ^ ^ fcXJ I C0 2 >^-^5) 1 I ^ 5 I ^ c ! 

^j^ddj La Lo \j 15 o 1 -d~»5 I J jl . LJ Lp ^J^p Lj 5 I ^J_i_dJ I 

^3 ji wLj>- ( J5Ldu o^>L*_Jl ^Jj>- 1 I j ^jL>t>x>Jl y <oLp 

4J5LdJ ^jo L) I ^5L<>j ( ^$5 c Lv2j I Ojj L*-J I ^L>- !_\J 1 ^ 1 ^d>- ^ ^ dj 5 y>^ 

.^Ldl jSj^-*)! \ ^Jj>- I ^a c_il5 *1 j-A w\j>- j_j 15 ^J_p I dj L jjdvwo-j 

c wd>— 1 1 1^ Lwo_l I 0 ^ Lw^J I Lp j ^ L*J I I wCa 

^ldj>dd^'yi 4_k_^ ' ^5 ^J5s-dj 4. «/? tf->c - j «y f-M 5* 

^ (Catalytic Converters) 4 c k r * jJl jl 4 _>Jj5 >J! d->^/:>L5JJ j Lid Ml 
0 wb>-j I5 a oMl ( J5Ldo U Ij^lj t Li»L ^0 .SjLwwwJl ^oLp a^o_L2j I 
(^1 y^~ 1 4_5» ^S' (J t>L>- d^oj^SC 1 -U~5I ( J5Lddj 5 . 4 j ^_ dwJ 1 <L>c^aJ 1 ^i_p 
J5dd j d)Ml <OJj>s-a *U_L>_xJ I ojjfcj tdo^-iCl ^J-P (_£ jd>c_x>J 1 ^ j_3 jJ 1 
^ jl t Li Lp <1^ jS <u»^vj (_£ ^- >B ^ ^lw5ddol JdP ^j-vwOJ 

^J_P 03j_>sJl ,^2jl^x_da <Jj_Oj ^Ij5ddal ddP d-> M L>tJ 1 

c_i^\_i-Jl ^Jl S0 2 jLp LaJd_P . d-o j_-5\_l 1 4_5l_P d->lj^JL-vwa 

td^ljLwwwJl ^!j_P j! 4 _o5j_^ 5 Ji 43 LlaJ 1 djlia^>c_^ ^jjdlwLa ^ jj>5 1 

<doj^5sJl ^y2^s>- ( J5LcdJ e-L5l jUo ^a ^Jwp Ldo o i jLiJi l-L^J 

l c_3 15 yS ^ I ^Jg.5 1 )) IdP I wt>- 1 jy* j 5^^ 

^U)!L t 4 j ^ 55 1 jjdS jJ 1 4j>c^J V ^^3^° ol I jia>5J 

^yL^A>z3 o j-5- ^ I djIjdwsJi y .^»Lp ^J5Ldo 4lwJl j dJ Ij LdJ 1 j 4d-)^l 
(, y y>zS>z]\ ^J>c5 1 ^^Lp 43 llaJ 1 d-^112 J>c«a S0 2 j5 1*-0 1 

^AJ I I jJa^J I d U Lj 




• '• 


(J* ^3 (J y>~ 


- A . .; 




jy— 1 ciUJ-S” j_-_ 5 sJ I C-* L^S” j-o oljLc- 

Aj I jl L " J 'j • g ->g. X J ^ 1 L) OjLw^Jl A^l yS> ^yA oljl_x_o'yi 
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^jjl *AS” ya Oo^JJl JL! hajd 1 JL &j> J OojJJl 

.^j I <uLj*p <J *L>- <J^j*xJIj 


jja J L> 4 ^_^xj>c>3 <^l^> jj ^xJ 1 c NO 2 J NO ojj^i 1 _o»l5l ( J^SbxJ 

L~J j jj jJ-v2^o t A3 jO»*^ J l j^-P Lj I jJw_& jjJvJ I obSjLl ^9 C NO x 

JSLXO . ^Jg„..*> jOvJJ ^J_P ^3 (1) J J J I JSsOj 4 -° t—»-«-.-wJ 

3jj>- y (Sj j-aj >- ^ ^ ^ j3 J 1 l? I j ^~ ^ ^ ^L>- NO o> jj'^l 1 wL s^S I <J j I j L p 
4j j I y>^> I o Ugj>«_^J I jl olj L-wsJ I o \Sy>zji J LJ Ljjl J Ojj^l 

<X3 JjJ La JwPxJOwL I ^J-I^Llj (jlJ^I ^3 jl c A_o L j-^_5sJ I A 3 U 2 JI J_J jXJ 

aL^o^P <J *Aj>- ^J5bxJ (^AJl t NO jl_P <JjJ> 0 . LjbxXJl AOj ^ I j <JjLoJl 
^o LoJj^p JjljJl ys>z^S *)! I ^ yr j NO 2 ^Jj Lp j*~j t J yL>-*)1 1 

^jS^j ^^jJl LxLI 3 j>- jj j .^*_Lg t^C, jjJ I 0 ^>L*Jl ^J A 3 ^Uj 

Jp L&Xj 0 y~ yj>x^~S I 0>lj3 Jl LoJjj t LL>- s y Jv2_aXj <1) I NO 2 jL*J 

^jJLwwoJlW <_£3 Ljjj^l (> j - /0 <A -J Lp objJOwO JSbxo) O 2 oLjJj >■ £>3 

<1)1 5 t |jj>- LJ Lp a_Lp LL> b I_l**5jjs (j j j j V I ^o*j . w^ojVl 

obljJl cli_Lg_j <1)1 Lo-> I tobjlj j^s_p *)\J LgxlJj 

dl^^Ulj i*lk*Jl JjO JplU^Jl J Jjl O^L?l Jl AiLijL 

A^Ow\^o*J I ^5 l^»^J I ^ ^ 3 j o3 j.^* j»£ t A^J Lp I ^••J J • I 

3 JJlj ^^oJl ^U_L)!l ^ LJl*Jl oL^o^lSl ob JJLII 

ax>cjI jj ((UU 3 L lw^ ^ jlxJl I jjfc ^lw2j C A3 ^X^Jl ^-P A^o ljX>A J-J JL! I 

^jj L>-jJ I lj !.■>■■> /?.,) I ^ y^zj . y ~<±~d I I a! o^*-^>-^l 

^jj c 4 _J Lp <l^1_p L^_j ob a_^> I j-Lo> j_j J” 

A_^>t _0 ^JbLslwO ( J| b/ 2 _)l <1)1 ^jbsJj C JaJi-3 Ajj J l AJbblwO 

Ajjjj *)A_Lp jl j-jJl b jj L*-> J^jAJI ^j-obJl ^jj ^gL>- to j_Jgj>- 


t>" 


NO x 


'IjLp oUL*_ol ^j /7 - a >c-lJ O LOJj jj jJgj J _3 j jj >- 1 

^J| b IptJO I 0 I Jlj'yij J>- I I AXj IxJ I <3 ljX^-*yi olj^J>o 

NO x oljU ^Lxl| .JIaJI oJjwLp ?-ljj>-l ^3 ao oL^jjOj 

^J_p 0 j_o 5” o 15 j_sX> ojj JL3 j t <_9 1 j_o- ^1 oj I jj>- aj>-j j_j 0 j_Jo Lw« 
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U- j3 


^ LJ L j (. (j I I o j I 
o)) oLiljj>tJl jJaJ dU3 (_£3l *A_ij • NO- 


o I j Lp ASoJ ^ 2^. 

^Jl «N0 X - 

^ydl ^(Lean-burn) L>- jJ yS3 j\ Jj^I^JI 3wbo t Li 

LjJO-J . (^IjO-^I Zj\ jJ>- oL>J^ ^J,<3 *.Jl> cjJ AjIj *Ij_A l_£0 

^3 J^-S” I ^/20j>o Jj_JL>cJ C L>- ^J^SsOj <L<JJ L*/? ^J-O I jjjj I (J j^SJ 

^_j l_JLx_j 1 ^ 'jJls>- JIjjl^I A_Ja_^» I j-j NO x o>IjL_p cjL_j^jl~*w4 

LJ^Vl Ja~» j <oi J_pLLij ^JUl t (Selective Catalytic Reduction) 
toljL^Jl l> Lai .?-L>Jlj ojjSM NO jLp ^ ^>- ^>J| 

o *)LxJ I — ^ jJa-) I 0 - ' 0 Lwow^SsJ I a_j j_^j>cJ I o 'y 3 LwoJ I j jJaJ <j Li 

oLS^Jl SJ^S'I lj _Lp ojJlLJI oli t (three-way catalytic converters) 
OdjLp >0 L*_o I ^j^L-J3j>t-} P_J c CO jLpj 43 jZs>z-<d I 4*u I I 

j_JLSC LxjjJj cJ*^ 4Xj j_>cJ I o I j I S I ^*j>- jjL> jil ^-1 jlS' c NO x 

^uJ L-Ow^V-1 I 4 jj^j>«JI o^^LwoJl <JL>oj_ jJj .L^jLwo LxSC^ oLS” L^a 

4_oJ I ^3 90 ^JLS” Lj NO x o>IjLp d^L^-ol o>ljLw~a ^J_p 

.0^31^1! oj-gj oJ^j>c-a ^P ol jLj AjjlJla 


» j L^oJ I j o jjj >U 4_o Lwgw^SsJ I ol^-oLJl ^1 4_iLo^fl> 

4«oL-^Jl oLLuj*)LI A^c-ygJ I ol ^LdL J_> l^ca ^Lo&l o>- j_> c L>- jJ I 

I / ^ W I ( ^ I I ^ .-\ «/? > Lod 0 ^ l 

0 «-CA.x«a 4 ^_Lo^P ^»^P »4 Low^.**».^ci I • J ^J>-tJl ^ 3 Lp 

OljLp j Oj j^SsJ I Jo^sl Lj j Lp j 43 jZs>zjs j^S* 4_J I j JwJ^ jj^S" oC5” jA 

^3 OwL>t_) ^jells' 3 j_3 jJ Lj ^^oJl g L_3 1 ^3 t ^Jj ) J>_SCO) C N0 X 

^3 LaJ^*CoJ I jj>c_^gJl ^_2»oJl (^1 yL> I 4^oJaj I j (JjjjJl oLS* 

*y L>c^a 4_1 _SCLoJ I o Low_^v_>xJ I cilioJ . 4«o L> j_^SsJ I 43 U 2 JI j_J jJ oLk>^ 
^JoJ-XJl OcJ O^-jJljI I O Loww^PxJ I ^J. SL] C ^ L^>cj>- *y I ^a Lx_*^lj 


^j| <Lw«*jJ L) ^^3^° (_5^^ ^J-o-*-d ‘Lo-o. >0 L>- jJ (w) 

• P-lj^Jl »3->yJu i jj2Jl>\ J ( _ 5 ^-l 
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i Aj>LJ aAAj L*_> yS+j y* cLlj Laj t 

.(1 micron = 1 O' 3 mm) j j ^iw> 10 jj* Jil jlkiL |>L>^1 olS ^ 
. Aj ! ^3 Ld-.-'O-P J^Ju <1) I P JVI jq o L>-v*w<jJ I <L-> L>-^*j>eJ I o Sjt ^...kl>v.i 
v^ws-^vJ <jl ^JaJLwvJ oL^-^vwPxJl oJl& <1) L Aj 1 jJLa ^oL_P ^L*»>4 .liL-Aj 

l <Lo 1 j_gJ 1 O L-yg-dJ 1 <. -> LgjJ 1 J c 1 ^jAa o j— laj>- Aj jj j j <C-J3 O L_P 1 Aj 

Aj 1 jAa ^LoJLaI c 1 jj>-Jps jjj Ji j Cj jjL 1 j Aj jJ 1 <l)li? j-^> ^J>-j 

j \$ 1 jJajgJ 1 oL oL>-^*j>xJl jl tPM2.5 1 1 oLo-^v^PxJl <J jj>- 

<1)1 obujj>eJl oA^J JjSLo-j AjL ^JjVaJI J . <1 )j j_SCwO 2.5 

oLiw^lwPxJl L> j_a L<jwa c j-^ 5*1 jl LjL~* jj-L <1) j_So 

(j-o -*- J 1 ^J»P OjAJLjJl L^jAJ <1)1 *^->- L J^a Lg^>cJ>- jAi^l 

^^a A_*-^>-*_~*_>6j 1 CJ Lj l_x_o ^ Lj ^LL>uAJ 1 ^JL> J 1 J La .(j-AjjJ 1 ^3 jJLS* I 

A_^L* jj>o ^^lllj C jS>zJ>z] 1 ^j>cJjJ 1 ^i_P ( Jwo-*J 1 A3 UaJ 1 oll 2 j>c-a 
( jja Aj jSka A^SLjI)AjJ ^_S* O LL j^a L&jA*v2j3 C UaAoJ 1 ^La^Jl yO Oj^Lx~a 

l^jJl jl ^JL> ^ 1 Low^vwPxJ 1 <»_^ApxJ LoL y^> AJ j_>c_Awa aJL_ 93 i3*^L~ol 

AAJSa) 1 oJ-A oA& y& Ala-^l JJ <oLp C (^jj3 ^JLsAo 

<J|jJ ^SLij . Sj_*_-_Ss Jl j>U>c_^'yi oli oL<)ww-lw>Jl <u_^*jJL i Jwsj>- 

C "—S' <_) l i— l ^j-3 l C. 3 

A_^3 IS* O-^vwJ CJ LJwA)J 1 ajjtj . 1 J_>- j-^-5* ^A>Lo-aJ 1 ^j_a ^yj Lwo V Li 

oLS* j-^^ 0 <+-*i 1 ^iLLS* !_\_>- o yJf^a. J 1 cj 1 

Lo.-^— a <Jj-jjJl ii J m>z ~ a aJ 1 jl <1)| .(J^jjJl 

<1)j-Soj a_J Lp a_o LSwJ 1 AilxSsJl a_Jw) wLoJ 1 ( jJ^LloJ1 ^3 L/? j 

A^aj Ly?J 1 ( ^j_o 1 A_> LpxJL^o 1 J .<Jj_jjJl ^lj_P J^a A_)^_5«a ^^-i-P" IjJ 1 

Cj LS* j_>t«a -j_a A_L*_JwoJ 1 A_^>ww^_>tJ 1 o3 LJ 1 ‘L^yS J_)wL>cJ ^3 o J _j 1 JJL^J 1 
53 Lj A-la-^o 1 j_> S^LJl oj_A 1 j_v2_L>c_J wL>tj <1) 1 t<JjjjJl 

w\S <1)1 aaL ( ^p t j^^Ul j^j >a jJl -L*_s^> 

oLwsj>- ^3jj ( ^jj2j>LJ Aj 1 jJ 1 iaA-v^J 1 <1)| 3| t L lj-^1 jj^^l 
A_^_x> < ^^>cJ 1 S^LJJ A«wL^J 1 A_^^-SvJl ^<2. ^J3j>z3 J3 j .j_A5sj L>j>cJ>- j_L^1 
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Lo I L^>- ^ ^ Lp - 3 ^_J C I ^ ^|»^\-<~\>-J A_ *_X»^wo3 I 

L. 4 5^>-Vi ol^Jl .1^ jtS'H I oL^-~bJl ^ ^51 


<J I j L> t3j_^_>- v yi olj_L~*Jl ^3 j-LS”^! O Lgwv-^vwPxJ 1 ^^>3 

^jjJ (( t. ^ l . g 1 1 jjLs^» jLpx_>| Oj-i-^-*-j <J^jaJ 1 ol_S* jj>c_>3 j-^-v2_>3 

c— >L-gJi .^oLxJl oIjLp o 1 jjL>c_^J I 1 _\j>- <^-pbJi oLo-^^pxJI 

t I *A.^^ A-^.»P Lj ^ ^ 3 I ^*3 ! i -~1 13 ^^P oy L»«-P o3 Lp” 

^yg-> -A_x_j j .jj_-_*JL> ^oL*Jl oljLiJ a3-5sJ o> L^_^v_>J I 3 lia-s^aj 

A.l?.^ I J_J ®*L*>-i JoLpI® JJ Lygj 1 ^Ll>o 1 CJ l_P Lwo 

oj_A y jJaJ ^3 -A_x_) j-li 1 ^JL) ^.J . o3 Lig->,<g-^J I 1 S 3 L 0 JI 

C <J j_-JLa -L>- ^ J-J J-^ 3 L&J_LP ^z. «. «,£>.") <lL>- 1 

** 1 “ tl - ‘ ' M ‘ ’ * 2 ‘ f * iiiSC- 




w > 

j j 4jj U^i! 1 cj 15 ^1p <^5 

UJUJI UJI oLLa^ I .2.3 

SjXJI cijI^Jl ^Ljl^I ^Jb jl 

^Jj. (_£3 1 ^ A_ S I y &> y^ J ^ 1 o^) I j-2>- <L3>-^3 Ja .a) jJL« ^L-tf-j^ I d3 l_*»3 y—>J 

Ua^ww>o UaJaJ-t^o (1—3) J5 s_JL!I y-~-i ^il_*JL<>Jl ja-LoJuk^l 


°J 


ljj>cJl <»j>-j 3 ^Ul 1 ^Lx-Si*)! I 0 j-^b .j-J 


Ul lJu*3 




^2^5 V oy ji jJ* L y^-JJ t ^vwO-JLU 1wL>- A_J L*J 1 

li LLji ^ I C_i ^Lxj I OyS^J <Ji^J>- C Lw^vU ^ > - Jj* cJ jJ:2j 1 

^oLSs^j! ^_p j]\ ( ^-£' t . ^Lx-S*)! I I^LgJ (b^^ 0 

t ^Ua-Jl IJjLp (_£ j_px J l A_la_^o I j_j 1 Ijjfc j+J*~y> 

0wX_3 l-J (_£ jj>xJ I c_3^>\_iJl <1)1 jJ L^i*) o LwO ^ <jli 


^L*-b 'O^J 

wUp olpL*-Ji^l o wLa <jl L>j c g- L,<gja.l 1 ^3 1 A 3 II 2 JI 0 j-A 

<J 1 yb\ <Zj 13 0 1-^^vO <W2-A^xJw^ 0 jl jJ>- CJ l_>- j3 

ol jLp Lv2_x_j jl .?-l 1 0->tJ CJ Lp Lx_Jo j jl C A_Ljj_ 1? A_^_>- j_^3 

<1) j-SsJ C ‘LsJ>- L>- j oj-sL^S* *>U ^ jj>xJ 1 t^3^\-iJl 

b- 1 ^- j C->1S j 1 ) L>- 

> 

IjLij)) ^PJj t Aj>- ^oJ 1 


Vi 


V 1 ^jg.^Al ^ 



JiLlj 

. (GHGs) y\y>J>\ 
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^cJa-wo IAjLp jJg ^l*_J>)M ^.Ja_x^o <jli dUS 

I Lg_v2JLoJ I iSllaJl ( j^J JjljJ ^-^-P J-v2J>o 

^^j-j Lo ^j-p l_Lw*_> L^_pL*_jM ^Ljo 1 dliJj 

O j *. J I ^3 ^Jw2J>cj L5 Lo Lj C Jg^>c^iJ I <_£ jj>*J I c_3 *}b*J 1 j V I ^Jg.^ 

.4^p|jjJ| 4^j>- L>-^J I 



^I^JI : ( 1 — 3 ) JidJI 


(o^\_P I 4 j>-j J 1 ) 4_*_P Lxd>^/ 1 <L3 UaJl Oji ^~LP Aj>-j^ _LoJL*_j 

I 4j>- j jJ i l j->"i C (_£ j_PxJ I s^_3*}b*_U 4-0 LdJ 1 OjJ_3 ^i_P 1 j-JLS* 

d.^>cJ d-> l_P L*_Jo^/ 1 j I .iLdj (_£ ^J>xJ 1 t^_3 ^b*J 1 CjIjLp L^_j 

^3 O I j-J 111 1 ^bwoJ 1 P Ld_P jJ . ^_y2j V I A^JJaJwoJ 1 P 1 1 

^-3 CJ I ^Jg-^ < ; J^ 2 _j ^ 4-^-^ 

.,_5_^Jl cJMjJJ < '"' ) ( Radiative Forcing) jjljxll Ja~j>\» 


P L 1 .j-o LlaJ ' Ojl j-> j-w*_> <lJ_o_*J| ^x-i la «,fg *>. 1 ' lj_& ^Jw*j (■>!*) 

ol jU j diLS" ^Jl C-> LW L*tjJ I A-L-o.-.,*? La C I .j-P oj^ l «,fg 1 1 *1 ^o->sJ I 0->o A^-Jj V \j 
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JjP j3 Ls*flJ 1 ^Lx-Ji^M A^_^*jJ L jitS”! ‘L^JLp CjljLiJl (J j-^L> 

1 La j_o L> LiL> j i (_£ js>- *)! 1 cj Lp L*_J>^y L 4 J j ULa ^ l ^Jg-^ 

.(Global Warming Potential - GWP) ^y> jSM ^Jlp l$J jJlI^j 

oj-A /^a A_*jiJfc>l j£ S l\ jl_*Ji e-LoJl jUo Oj-^j l)I JwoJ^>c_oJl 

I j J^SLju t^C, j_px J 1 c_3 *}LxJ 1 ^3 s'j^S jj l) I j L <lJ I j L*J 1 

J^SLju ^ jj>*J1 ^3 *LJl jU>o <u_o^S” jj_L*jJj . Llaj j! Lo ULa 

^oLjl>-I jLp <oLp jL>*_JI 'y LJJLJj c <Ls_x_^Jg cjL-Lo_*j ^j-*iL^a>I 
^-a ^jl!I (.5 ^-i^L_*_Jl oljLp Lai .jLw^j^I J_*_3 c5j^ j-^ 

j^w2l3 t ( J^a jJ 1 ^a LaJ_L jJ Jj Ijj I j L 0 LvmJ^/ 1 J^*3 y° LgJL*-~Jgj 

j Lp 1 CH 4 (J LLwo-J 1 j Lp t CO 2 l) j-> jLL I J-^~L I L j Lp ! *y_S” 

l)j_>j_S"jjj_13jjj_ L sJ I JJLa CjIjLJI Lj_Pj c N 2 O Ojj'yi J_*_~L I 
^i-P Aj j3 oj JJLa LgjjJ JjSLI A-LLj^ Cj LjLL Jj >- jj ^il 1 CFCs 

1 O Lw<>_5s_j ^ j j>L I >L t>L*J I ^^3 Jj>- jj CO 2 j Lp 0 I L>j . ^ I 

t<jL%J^M J^*3 J^a ^A 1 jj>-' yi AlJjJl CjIjLp j-JLJo 

Lai .JjLj J L*J (GWP) W^jygj'yi ( _^-Lp OjJJLo® Lj <oLp 

Lj j-^-> CH 4 oLlwoJI jLp Lo_g_3 <Ls_ow^ I jJiS *)! \ jULdl OLl^jJI OljLiJl 


^>-lj) 296 A-o j-^>J N 2 O jLpj c23 ^^jjgj'yi s_>t_~*u ^-Lp OjJuLa)) 
j_w> JiVl a_Jj^JI AjjJ C0 2 jLp 01 jJ ^ 5 ^ .(Houghton, 2004 

LwO-^VJ aJ V <LwowA I 1 ^5 ^J-SLjio c aJ VeJ 1 dj Ij UJ 1 

70 j-p J jj-ws CO 2 jLp <1)1 (Houghton) jJ j>a jji Ji j j^5l 

jjjj>zJ ^yo ^jLJl j j_j 1 1 (_^jl jj>J 1 Ljl>- * y 1 j_olJ <ll<>J1 ^3 

^3 24 ( jjp (Jjj-^vwa (jb^oJl j Lp LoJwo t jL^j)M a^> 0 jJ 1 oIjLp 
CO 2 j Lp j ' .A-UJl ^3 6 ( jjp N2O jLp j 1 a_l<>J I 

L)i j}\ (_£-Lp t cj L-o Lw**J I ^^oww-ljj ?-Lo-L*Jl I ^LoJL& v yi 

]g.*j jj 4 ji 1 ^j 3 ^l^jl !^| jJ I I j LiJ I CO 2 j Ip 

c_i j_^> l ^ I t *— ® ^LiJ I ^3 CO 2 j L*J Jj j-^ 5 j c5-^ I 

Ij3jjj (_£ ^ *>UJ I j^-P aJj jJ^ I Aj>- j»J I ^ LLj ^3 ^j/23 Lj iJ La 0 j^J 
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3l_i3jl dlJ3 y^J • * ^ I d^-PxJ A_*»Jo >Ll jJLS”! J s: ^~^’ t_5^ ^ 

.J^ujlj ^gj^l ^Jg.^ y a J5” ( J^-3 A ^2 1 x>^oJ ' A3 UaJ I kL*^2J>z~o y 

LJJLJ . ^y j V I o^ I ^j>- Aj>-^ 3 ]g.*A> ^JLa ^3 3 L3^ I Aj>e_«JCJ *• i £ ^ 

(Global Carbon y>jS\ lj _Lp dyj£A\ ojjjJ SJoljjLi yA\y -L>- jJ 
c_i*>UJl SJljIjjlJI CO 2 jLp j^_S" oLjJL~_*_j Cycle) 

•d>y^\ 


t (2-3 ) 1 ^9 4j>c_vgj-^Jl ‘Lws^jVl 0 j5\JJ OjJjSsJl 0jj3 

aj^JI o j3jJ SwL>cjLoJi a52LowoJJ <l-_SLL>J I ajl^JI yo o3j_>-LLJIj 

SL*J 0 wlL*_oJI oLJ_*_*Jl t(Energy-The Changing Climate 2000) 

y^jSl yo ajAi^o *\y>-\ yj jjj^SsJl J^Lj y J*>^>- 

j\ (Reservoir) J5 yjyA 1 JggJL oULJl jLj .yy>A\ 

Xyb jLL>) ^j_l? L*— >- si> j_j aJjj>s«oJ1 o j_> j_$Ci a_^<>«5* ^>- 

Lo O I toUljj>cJl ^j-o A-*^-JgJ ' CJ ^ 3 LJ 1 Aj 3 La jJ I ^ ^ «.*» ^ 1 

f. w > 

.aJL- J5 ^3 jjiwUJl aL»^>c^9 aiS”IjJI ^ ^ ^ *)! 1 LoJw-j tOjIjJ aJL>o 

p+J^\ y Ll^*>LJl IbLJl ^i^SfL oULJ! jlJ 

oUI^>Jl yj O <Cw*sJL> yb ol-Xg - y CO 2 jIp oLfliJJ 


tJyJs] 1 yo ySsj ^IpI y* A^^wJgj 1 oUSi-UJl ol ^y\^\ yo .a^L>c^>J1 

<up l^aJ I oLL>-*Jlj (_£ jy3 ^>- *)! I 3 ^ 3 jJ I yo ^jLJI oL^j^/1 ( J^2j 

0jJj3sJl O Lii Jj 0*>Lj2J>ej3 4_o L^J 1 Aj>^CjJl o) ^bolS” 

^3 l) j_j j_SCJ Lo j_Aj 4Jw^vJ Li yb Luw>- 3.2 I 1 

cC0 2 l) A iLvg^L .y 

• c5 ^ aJ^ j~ >Zm/0 o j-> j-^LJ 1 y° yb 4000 ^Jl y>- Jy-y 

yy y> U5 ca^-s^j^I s j-L-aJ 1 ^3 g 

I ^wLvg-^Jl ^3 Lvg-^J I o3-A ii I o| .(2 3) ^J-SLxJ I 

bl~>y\ CO 2 Lcw>- 6.2 I y- y^Ab^l 

aJjLLo L^w^vu *)! Jjl*~o yjy^Sl 3 y jJ 1 j^y~i 

0 ^Lx_o_S* y^j^l 1 ^3 jl C O L)g-^>c_o.J ' ^3 Lj 1 Oyj£A\ A_wo-SL 
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jS\ IvajI c (Carbonate Minerals) aJ 

[£jyA J5^Vl 3j3jJl JJLo-> dU-S ^^Jp S I ^3 l)j_j^_SCJ| 

(_£ ^PxJ I c_i c_i j_*-o t 0 ji I J Oj_\JLo 1^ \jJ^2^» 


cj L>- Ljp- * y 1 j_j j jjl! LIS' <5 *^L^jLw» I taj 
.d^*dJ! C0 2 jlp Ji}^j 



‘UdaJl ^3 ejji : (2-3) Jddll 

Royal Commission on Environmental Pollution’s 22 nd Report: Energy-The: jJ ./? «Jl 
Changing Climate. 


j Ip Cj Ij L*-u ^ ^ j-W2>jJ I (_£j ^ ^ ^ I I ^ l) \ 

t^UaJl ij *y 4_^v_o jJi Cj Ip Ua^aJ 1 o3j dJ-ta c C0 2 

^j_^o . ^J-dJ 1 J AP- L w?J 1 O LwLo-*J I J Ajj L>»dJ 1 J A_J-S\_^vJ I A_J_) ^ 1 AJwo- 

^3 ii *y_ gJLwo ' £4Ja3 ^Jd\J C0 2 jlp Cj Lj Lx_o 1 j_j (3 — 3 ) ( JdCdJ I 
^Jd" oL<>-AL^wa ( JdCd> j .1995 ^L*_U 0 J_>cjLoJ 1 cj Ij * y jJ 1 

J j^Jg-lJ 1 aJ L>- ^_lp dJ-d l L5^i -t-l_j ij ^ Lw>i 1 ^li23 

oldLJl ^3 c ^>\do .a_L«L*J 1 ol jL~JI 3dp ^Jp Lp j.+/?.>-j i ^p L w?J 1 
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1995 d^'lpUal USA J C0 2 otfUJl : (3-3) JSLiJI 

^3 4JLoJ_ll oljl_P O C L*_o| — UaJl oL«j_L*_ 4 ^Jl Sj "jj> oL)L_> ^J_p • j- Wa.'oJl 

. 0wb>tl<jl obV jJl 


AiUaJl JlJ y j LLv^J 1 Cj L—Lo_*J 1 j J-^oj (. 1 4_J L*J 1 

t 3^3 jJa^w^woJ 1 IjjjSo <jl 4*o L> 1 

^9 3 5 Lu-\J t ^Lo a . Lyg-i ' CO2 jLp S jjLJl j3 L02-0J I 

4^Jj Li <. ( 3 — 3 ) I ^3 <cllwgJl cj U L*_o ^ 1 ^jA Lo jJL) 4 JL 0 J I 

<1)1.9 \j jJaJ ( J3 V 1 (jlJ-i-Jl ^9 Lo I .ioL j4&S\ 43 UaJ I J«J jj oil aj>c-o ^o 
i CO 2 Lp d3 Ij L*-o I Ld L_j c _y^ > ~ ^ ^ ^ y^ y^ l ^ I I 

.ol jLJl ^ I Jj>cJL-o L 4 jj U-O ^_kJ| j 4-J J^woJ 1 4^3 -111 1 ^S" I <j I 

t. o L p LL-aJ 1 ^3 j-^-^ 1 3 j_9 I j3-~-^>o ^j-SL-oo 

Oj_jj_5sJl Lp 3 j_3 jJ I <J|JwJLwoLj t CO 2 oLjL*_o1 ^/2_o2j>sJ ^LJL j 
^ * *• > * * 

Loy>- diJ3 y>x . jl Jij 1 jLiJlS” <J ^/2 jL>c^o 3 ji jj IS” 

^Lp 4»Lo LxJ I 4-oLj-g^Jl 43 UaJ I C3liaj>c-o <J 1 J_JL^o 1 <^l*_o>- t LjjjjI ^9 

oL oJ^j>c-oj I jL*Jl ^^i-P Ca\]zl>z^j {C, y> zs>z]\ 1 

c_3 Of-LjLS* o3 L_>j jl t dlUA-S” . (CCGTs) 4_^_S”^o oj 13 0 I 3 4_jjL_P 
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^3 ^ l_*3 l) I ^JJg-9 I ^3 4_3 UaJ 1 ij I 

(ji . CO 2 jLp CjLjL*_oI ^^^sj2_>o t^iUJ-jj C A3 LL?J i .il tA ^ * »■«* 1 

*^\Lo c O Ip 1 ^ Jpl>clU ( J^-s»l oe-bl^Jl ^3 <bLjJl oJ-A 0 

^1 .JJlJl ^JJaJLS* ^ j >- 1 oLplki ^ tJjL^Jl ixiJJ ^ 


toA^tioJl oLN jJl ^3 ol jLJJ ^j3jJl o?-LiS” <Jl>oj jl c <J L>- 

CjLS” ^IwL^cJL^I ^yi cJ LHjo ^ 1 j oAjIjJI 3 j3 jJl <U2_LS* 


C^l^'yi ^3 oe-LLS” jjlS” I <Jj_>3 <Zj\S 


r 


<_r^i i>Cr-r^ 


Aj 


j’^ViSl jjijJl ( _ s it 


■ IjL-Jl 


S^LaS” 


L5 3 


Ji p' 


J3 


.A^J? U 1 



^_pj| oSUil J C0 2 jU j/ly : (4-3) JSCOI 
IPCC Climate Change 2001: The Scientific Basis : jJUaJI 


^I-L-Jl j^J*sS 4_J jjJl 42^_U I \jS> j^LvaJl (4-3 ) I 

t-AJVl t^JL. JcP ^y>J\ J> C0 2 jlp (IPCC, 2005) 

ojj_iJl ^jw_3 C0 2 jCp J_^S* j_j d)l 4_ja_>- 5Co .o^_,_>-Vl d_2w^j 
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J 'CS' Lo jJ2j Lolj OlS” L 111 1 <J jji}) 1 \ £ljJoj C 4^-P L w?J 1 

( j-o jJiJl 4P (_£ 1 Ij-A ^l^jl .0 j^L>J L> U^>- 280 (_£ 

U^>- 370 ^ j-J I j_JLp 

L*_*j>- 760 I j_>- t4_JLow>-^/l o j-> 1 4 _w<^_5” j_^S” j_iJ 1 I5_& ( JjL<>-j 
^ 3 j-A Lo-S* c_3^A_*Jl ^3 LJLp- o3jJ>-j_^ t ^jJg 

.(2-3) 


^3 CO 2 jlp 3^” (_5^ ^-s^SLJl I l5»& j*j lj <^3J>- 

j3 l->,<g-^ ( ^a d^lJ Lwo l (5 — 3 ) ^3 I ^Jg-wp Sjl 4j>-j2 

( j~u jJL) I (^wLo ^J_P ^^jj! J-' 0 I j_) O Lo l_*3 4_C<>w2JLa 4jLLl>t«a 


£_Jg iJLa Cj !_£_!_>- ^yi Aj> T iSJJL~~-a Ojl y>- oL>-j3j c 
(_£ jJ>- I <L^>oj Lj O tA->e_~a J^a j C 4_) 1 O l.A^.)gJ I 


^LJI 



^k ~* 1 Sjl jj»- ^Ju : (5-3) J5wJI 

IPCC Climate Change 2001: The Scientific Basis : jwL^Jl 
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oLajMl lwb>- JJ-Jj Jaj I J1 3j^>-j a! 2^~^La ^jbo .*bLb*Jl j 

(4-3) JSbbJl J JJ y* U5 cC0 2 jUJ ^Jl*Jl >SJJl J 

.^jSn Sjly~ i>-ja yi aLoj^Mj 

4^>-j^j l L*a jI (IPCC) ^>3 0j3wo-*j ^jjbJl e-b*A*Jl jj>ol -biJ 
ObbjJl \j ^3 jj J jL>o ^J\J <03 jJ 1 oljlp 111 AjbSbi bo j_^> b- 
Sjl jJ>tJl 4 j>-j 3 Ja_o j_0 ^J_P C0 2 jL^ J-* b jJOos <L*3 bo^^/ 1 

d-> L& jOjbdwwvbl b JwP J_~X b>C_J I bo-J Cw« Jo>cJOx lj J 

Jo?.3 1 JSbdo j Job ^Jbl bobvaol obbbJdJj o lb L x_o b/ 4_^_Lbx_x>J I 

o j I jS>- 4_>-j3 Ja-^x jdos ^bbj C0 2 j bp jdJ J>ad_>c_^iJ I J b>c_^_l I 

^—\_^ c _x> 3 1 j_j j b_*_^*J I ^ J lp I c >». o b I o J— a ^cj bo ^j^o • ^ I 

^Jj Jdo>o3 JSblo Jo2_> i 3 j_~x C0 2 j u iO" 01 L 0J Ld>- I J lJ' 

J JiJ I b> bgo 0 j-bojJ b •k J_>- 9 0 0 j 550 ^J I jj>- ^j_o ^ j I jJo boO 
^3 j-obJl ^obdJl ob-A b^ 2 _)l <0~xj3 ji j .^jj^dLaJlj (_£3b>cJl 

L*-b>^/ 1 bjl jdJ I ^3 4_«wX_*_JaJi »obl Ja„o? ^bl )) j ^ 1 ojl j_>- 4o>-j3 

£b*_bj J oJ_*J o™j i^jojl o*>U JJ (Natural Forcing) 
JabbJl J*oj_> L *_jJ 1 (j j 1 jdJl ^3 obi j-bo!>bl))j c *}\JLo 

ioioSl oljlp olbbjl (Anthropogenic Forcing) ((^JbJl 

.jbJ I J*jlj 


Aj>-J_oJ I 
„ > 


oUiy ^Jbb (8-3) JI (6-3) JbbbJl ^ JlSbbV 

bJj bba t ‘Onbol — bJU i_Oxj jo j bdw^j ^Jl O-^oJ 

J .2000 j 1850 br° ojlj->bl aj>-j 3 olj-bo] oxLbo ^_oj_i 

^3 ^x-^ba-l I > j I jJa-pg bl I ^j^ljOl Aj>-0>jJl obi jJ d> jj 

^_3 > j I j- Ja. V I ^oa > c Ja_b_3 0 wO>-j ^_£-l_* 0 J I bjlj— iJl 

lj_0-lj c la A 3 oO>-jJ ^ j-bwJ I JabbjJl ( J^xo2_> ^pL^O^/I bjljdJl 

(8-3) JI (6-3) Jibbll ^ JlSbiVl ^ J ^ U5 c L^J5 

.^JlyJ! l _ s ip 
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J C— Jaj 1 Jj 4j I (6-3 ) 1 

cP 1 ^ia.v^ 'y 1 c ( ^3 ^<>j ) OJ 1 ^>*J l 4>- j_\J j_\JLoJ 1 ■yyl 

CjL-oLJjJI J^j ^ 1? J^P 1 ^i-*jjJ 1 ^LLj^lj c JaJi3 oJj >- j ^x-^-laJ 1 

A_L^< ( ^_>j_JLp J I Jj>rj ^y2j>~^l L) dli-ta l)| . i L^L*_^Jl 

^j-vw^j>c_ 1J dU3_S* ^ c i ^3 4_*p LwaJ I ^-*y 1 d* » LS” L« jj»p 'y 1 
^ ji L/2^i I J* LU iJ L la j 15 L^J *>L>- I c S V I <u 


CO 


2 J 


p oUU-oi ^3 (jp'-'y ^ij^ji 


. oijjJi 


c>* 


Jj J-*J I 


L5* 


^3 1? A 3 o J (_£^_JLJl J^LJLlU J_jL*J| iP 1 j Ja. V I ^i>!^JL3l 
^JwV23 I ^3 ^-*3 ^ O ^ ^ ( 7 3 ) I ^3 ^_A Lo-S* C ^O I 

(j i jj>- ll>- ^y 4j,sy c 5 v i j j v i o i j^y i j ^s>~ jj^j 

j jp^> l_4_^-t_j I j^>-j_> oLS” CawLxp tl970 j 1950 ^-aIp > j^-j.-LJL*-) 1 

.^^<>-2^1 J*liJl ^3 ^>tLo 
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I ^j\ jj l» -i jj ?-')! I 4j>s_jo oo j juJI SjIjo»bJI 4^-ji olj- Ju : (7-3) J-5wJ! 

Jaii JaLtJI JjuL 

IPCC Climate Change 2001: The Scientific Basis : 


' ^^pLx-J^I j I V I J5 j-J Lj 

l)I wL>c_i ^3 j_JLJ 1 Jp LjijJ I ^pL*-2o^/1 lj 1 *y 1 j 

t (8-3 ) 1 ^3 Lo-S* tojljj>cJl 

^JJLj . 4_~o ULoJ 1 ojl jS>c . Jl 4 _p-j 3 0^\»Px_**t l_C>- v, o j3 ^J-5C2 Lj J}_9 I jJLj 

^i_P 1 Jj>- L> j3 toL*3jjdJ O *A^i 1 Cj l_P j_^o>c_oJ 1 o-L& 

1 (_^-Lo ^J_p 4j>-j 3 Jij>- *i>LoJ I j-wJ 1 ^Loj^M 

ip Ll_J I Cj I j_oLj l) j-3s_j l)I IJL>- o— ^>c o J I 0 

3^3 jJ I (^lj.ip-1 L_» ( JwaLS' jl 
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Ja.) I I j'h-./S L I 4^0 ^ LoJ 1 Sjlj^sJl Ol^Ju ! (8 — 3 ) ^J»£XJl 

JsLtJI 

IPCC Climate Change 2001: The Scientific Basis : 


jLSLiVl ^ ■o-XJ 1 ^_j 1_Xj m r ^ 

jU^ML, 4JU (8-3) (6-3) JSLiJl ^ 

jJL$ t^^LvsJLs'yi -ULXjJIj cj Lj L*_o *^0 ‘Ls-^ L^*» 'y 1 XJL>sJl j-jjljww^ 
cj La j_j j l-LwwvJ 1 ^LoJLP v yi_> oLL>u Oj-x^-L 

ii o Lj L*_o V I o La j_j j L™- ^43 L>c_! 1 j_j jJLxJ 1 )) [ t ~ w0 ^ ^ j 1 

4jlL^» j Lo-S* (SRES) t (Special Report on Emission Scenarios) 


LJ LJ 1 ax~* jj j <cxJJ oLx3jjJl Lo (9 — 3 ) ^JJLxJl .(IPCC) 
L IxJ lj .cj Ia^j^)Lww*ji oxa j l>uj 3 is* ^ l>xp l 



jXo L S^XxXa ^oUjJ ^ L JLt^ 
yLSi 4_( t (SRES) 
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4-£ Ll. y* l_i 4_«_d ^JLo-1 1 6 j I ^>sJl 4_>-j.5 d-> I j ^mKJ ’. (9-3) 

4j.a Lyflis V 1 oU?LtJ! j oUl*J^M 

IPCC Climate Change 2001: The Scientific Basis : j-Wa^Jl 


cj Li L~vj>cJ 1 cijjt . (SRES) cj La jjj Ll_~J ^IwL>eJLw*>L> 

1990 j OjljJ>cJl 4 j>-j 3 Ja_^o jJLa ^3 4_jLoj>-j <oL>j 

.a_>J! XLP 5.8 °C 1.4 °C ^ £jl 2 1 00 J 

LwwmJ o C j I *_j ^Jwv 2 _>&_) c_3 l 0 jJ_j c ^_1_P V 1 

p-Ua-iJl l)Ej3j l o ijlj-SsJ jiS I I j_P <CwOwv2JLq 

Lv2jI ^J-v2_>c_) C_3 j_~o .^La^>c_ 1J ijl j^SJ jJLS'l J J C ^Ja-tfJ 1 

jJLo ^ J-J t j L>s-J I ^ jJL^wfl Ja-wQ jJLa ^3 l J ^ 

l_LoJ 1 ^3 oLjLvS-osJIj 4_>j_xJl) 1 o jJb Lia j LJUo 1 Lojps c J_>- 1 j 

.^Jl*Jl ^ ^lp <uE>- LwsJ 1 

|j_A ^JJLa 4-~-SL*_> ^jJl ^jl_«2L>cJ I j_iaj>tJl 3jj>-j <L>z-JL)j 
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*LJo*Jl Lo 3 LygjL? *)I \ j L> j_JLJ 1 olij ^J_p ^ 

4_L jJaJ ! *» A.La.LJ I d> Lo^-- ^3 y^~* L ^ ^ d> ^ y**~~* O ^-^*>-LL^OsJ !_J 

d L) jd~a ^3 3L>3 j^M ^JwL-Aj C ^3 ^ 1 ^Lp jl t ^/2*oL>d! wLa^l 

^ j o yLJ ^-j CO 2 jL^ 

LL 1 j_a ^J_P (J j-v2j>c_IJ LwoLwol d LLs UwoJ 1 oJ_A J^jJo t^JL>Ll d-3^J 1 

^Uaj A^sLajI AjIpj do>*J 4jC3jJl dljlp ^loj ^y* d»L 1 ( J^>-I y° LJj3 

^ows^>j ( J.Sdo l^dJ ^-j t_5^^ t (UNFCCC) ^LoJi od>dLl ^o'yi 
(JjjJl ^JL*-a dJjL- CA^Laj^I oJ-A jUaj ^3 .l^jyyj ^3 1992 ^ l»P 
aJj^ 12 j \OECD) Ji ^LoLpI l^Jw<w? j-^5vJ I a^_p LuaJ 1 

oIjLp ^j-a Lg_j Lj Lx_o 1 d L jJL^vwa Jws-xJ (j I C ® (_£ 3 l *,^-13 1 (J y> zJ )) aJ L >sO 


oJla c^Jl .2000 j»Ip JJwp dllij 1990 j»Ip oL^i^ ^1 dijJl 
Jwo-xj ^IJLU (Kyoto Protocol) y yS SJaLcJ daljiSl ^il^o aJLaj^M 
4(jlA?Vl ^1 p £lo .1997 ^Lp jLUI yy^ ^ &s >- 3 Jj>c^a 
^1_P y yS d3 1 _Aj ^ (1) Jjj>s-L>J 1 ^3 o3d>e_*aJ! dP lw?J 1 (Jj_\Jl d-A3 1 j 
La dd_33 dl jl_P AJd^ ,j_a 4_P , 


dL &1 i 1990 j»Lp ^_3 l ^ >• j-JLoj ^ j ^_JLJ I d Lj j— o ]l <Jj3 

y* o y-^ I (^wLa ^Lp t AjLoJ 1 ^3 8 J Aj-oJ 1 ^3 0 ^j>o L^-la^a jJla I^Xj 

jl aJU ^ .(1-3) J j-LpxJ! J> JLa y* l»S (.2012 ^1 2008 
do LS* l iJJwL^ol tLJljjdal) /^_jlo L dd 1 jdJL^ 

o L I ov^mj 1990 d L yda ^Iajj 1 L-L-3 L^-2-p I 

dlj-LdJi ^_i_P (J j-o?.>cJ' ^_3 yx-s*P ^ I d L^ Lq 2JL3 1 Lg_go>- 1 jo ^jL 1 

I <Jj^ dJbl j .^-godJ A3 UaJ L 3 j JjJ 1 ^UajJ Ajj j j^Jz2 1 

(2004 J> SJbJL^ jlJoL 3^1_P Jj_J J_J) ^_L_P (EU) 


^l]| ^ j j-LJ lj ^ ^ l ./g ■ *? V I <u>Jajw«® 0^3-L) j l OECD (■>!*) 

t l5L>Ju t dw<cJl cUlyi^l • L^ 9 4 1994 ^»Lp ol5L- y dJl y 17 dJjj 

.^Jl . . . tLoLoJl c Lj c 1-uEd tiljLoo-iJl c IdS” 
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4JL—3jJi OljLp Cj Lj 1 4 JL 0 J I ^3 8 jJLa 

Ol - L - l _> jj-o O l _*/2 J Lj 2_ jjJ I C-O 1 J _3 j . Sn __ S " A ^[| j_-_P 

Sw \ j > uLoJ ! 1 ^3 t ^ L « ^ L > J>)M 

2008 SjjjjJl 1990 j»Lp ^ jJl^vwo c^>J> 4jj>Jl ^3 12.5 

.2012 


: (1-3) JjJi^JI 

jj yS 4 -J \ Jl \ oljjfel 


% iJJlA 

jl-UJl «1 J^LJI)) 

-8 

cLjLlL 4-15 ^HjjjSfl :L»o1l - 
c LsS'li ^L~o t Lj Ls^ j t Lj i ^-J l L-i) 'y t Lj l dL-w^J i 

. 1 ^w*j C ' jJw-S ^_ L^aj 

-7 


-6 

.IjJ jj t jLUl tLjLij^ c 

-5 

.Ijlj/ 

0 

. LJ 1 1 t Ls^a> ^ j c IjJ j 

1 


8 

, a Ul ijiJ 

10 

. 1 wL^LwwJ 1 


. < U 9 \j£ V I LJ I I j 0 Jj > w 2 I O Li V jJ I y> y ( a .) 

. Houghton (2004) : j-Wa^JI 


^3 ?-L sAp V 1 ( J^ *y 1 j^S - o JwA c^*w 2 j>- 

^ j_J 1 ^3 I ^*j>- 4.^3 1»4j )/ 1 <J I ^jJoJ I yA 0 15”j t <L_3 Laj)/ 1 
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y I yJ^S' 55 yo J 3 I ^U <U3 ^»J3 (_£*Ul j LJ I _L*j ^o<»*U 1 
4^-Ul y 5 5 y^ LAS' <Ujj_~wa (1) <j->*-LUl <Jj3 /» ^ « -o- U 

L^JL> j^ 2 j j L*_U c 1 9 9 0 ^ L*JJ ajU U I o 1 j Ip cj Ij L*_o I y» .J 3 *y 1 ^1 p 
L> ^jIj JJLs Ul ^Lw-I j oJ^JlUl oL^I jJl Lai .o~L>xJlUI ^-a^l ^-^>-^1 

*lp j-j / ^ LJl j-Jij 2 ^3 j .Us LAj'y I Us jJ U-gj j J jU L Lb-'y 

cj I j U_j 4 ^UaJLsI ^J-^ISLj 4^>JaJw0j Uj3 127 c^~a.A_i <. 2004 

(1) jjj>UU 1 (jlJ_L y° oIjU_o*U UJUj>-^yi 4_^wjJl ojLSj t^_>J-v 2 jJl 


5 J.A UU I ^v 2 j U j_~* JLJLj .axUI y> 44.2 <u3Laj^1 ^^Jp Ls j_v 2 _A 1 
y& I C 0 Jj>cJLoJ I oL'y jJ 1 yo ^\ ^jS bl j^UaUJ <lL Li 

^U 1 t L^ijj jl t(l) jp>JwoA I cjLjL*_U <\jlU I ^y 36.1 
.JjjJ_*j2jJL L^jIjU_U t CJ Lj U_o 'y 1 oAa ^jja 4jl_Ul ^3 17.4 ^jp Ujj_~*wa 
jJLs c jJ Lg-> I ^Jj Oj LJo I o j_>cJlU I oL^I jJl L)l |t-p jJl ^^Ipj 
( jj 4 ^3 a JUb UU 1 A*s>- j-*-> (_5 Jwv^ Ul j.U3 L jj Li Us» jj ja«jj £_S j 

^3 <Jj_*jLoJ| UjU jj jU o J_A Uja 0->c_w^ I Jj J_xj .2004 ^^a^S JJ Ul 
JjjwLygU I j U_U <J j-v? J La JJ J_xj C 2 0 0 5 jj lj-^3 / UsJ 1 6 

. iJjjj j-j ^y o_\j>tLaJ 1 r"^ 1 Ji 


t^i j_^a ol-A-Ll ^ALxjj cj LS bj_ wLSjj>JI ^_p y* t<JU- ^y\ ^Jp 

jUUo 0^/1 L £* s>m AjlJoj>z . Jl ^y y 4j I A^?Uj j C U I J_A ^ I oj_A j j_^_>xj 
^-3 jj Jp L)J i U2_*JbUl ^3 C UJAS .c_jUUUI oUjj ( jU-3 3Jp 

^p U»J I ^ULAl Ui UiUMl ( _ 5 Jp jUVl ^^ULUl ^UU^M 

. Cj Lj L*_o ^ I <^L*JL>z . j obljJ>-| 3L>tjlj C^P j-s>> I OlUUl oj_A 

4_)3 Lj2JL3 LI I 0 J-U I 3 jj>- j_> t L>- ^J-SULj C Lo_^a U_b l)j-^-J U j-j 

^JjLa 1 4P A^a LJ I oLoLj 2I3*)\J (4l^3jJl Cj I j Ip oLUolj) A^a UU I 
^Ip . jJ jU SAjfcUa ^3 UljJ^'yi J^-l L j5i jjUJl t J j^JI j I 

La JwiJ cUL>- wii ( 0 Jj>cJlU I iSLUULS) jlUUl y2-*~i L)l y* ^%-p j-^I 

4 L>c_^JL) j-^S j_>cj ^Jp di_l 3 j 1 j_j j-U ^UI^LaI ^y I j^S 

( Jj>-I yo ^x-UaJ I jLiJl ^ jj>cj>cJ I ^j>«Ul y° I jUjoI 
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43 UaJ I jJ ^3 3 j3 jJ I <LoJkLv*w« jli jJJjJ 43 UaJ I _CJ jJ 

45vi-^oJl ^3 1 j IjJ I jl ^j>cJjJ L> 4*ob^^Jl 

1990 Lp ^3 L^Jwo c U-fU> ^J-Sj Lo j-aJ aju>J I ^3 40 j^M 

. A-o L I AiUaJl J_J jjJ AjjLp oLl2J>c>3 (. j c 'y j IS” 

A_$0_^w*>J I ^3 CO 2 jL*J A_j jJwwJ 1 CJ Lj L*_o ^ 1 (10 — 3 ) I 

^1 JJL) L^5 c2000 - 1990 i^jjl SyiiJl 

. (UNFCCC) 



2000 - 1990 - SJb^uJI KUJI ^ C0 2 jU ottUJl : (10-3) JiCiJI 

.(UNFCCC) 


4^-31 ^3 70 ^3 1 jj>- CO 2 jLp jl jLipL 

jJJJJ t L<JIp 4jL3jJl CjIjLp CjIjIx-oI ^Jw*j2j j V I ojl ^>- A^-j3 ^3 

U-S* . yj L^->5 c—SIwL&I ^_*JL>o ^Jj>j L<>-^5 JL*_> 

aSs_L^w*>wLJ >«-3wL a (10 3 ) I LwwJ I i«_3 ^-3^ Lv2_> I 

^Jl>-I 1990 ojjJLvvwa Ai^jl ^3 12.5 j_A (_^jJl C o I 

^1 AL^o e-lxXl*»L> . CO 2 jlp CjIjLx-oI ^Jl A^wsjJ L tA^3w\Jl CjIjLp A^lS” 

CO 2 ji-P CaIjL*-oI ^3 O-jIj ^/23 IjJ Jj>- j Aj I Aiaj>-jj>Jl t 
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^1 Ojl^J>Jl A->-j3 I ^j-ajJl ^ l5“^ 

cj Ip L^j j I 1 1 996 — 1995 * liLo <Jt)L>- L^J *)! -L*-a j^a ^J3l ^ j1+~a 
-Li cj Lj 1_x_o ^ 1 oLjjJl^vwo <jl j-Lo .(1996 ^Lp oLjL*_o! ^3 03 L>- 
t-_i j_-a> Lo j3 ^j_SsJ t2000 ^ l_P ^3 A_o Lj ^1_p 'y 1 iJ Lj ol-L> 
jj j^S >-_3-La <jl jl c 'y ^1 -La 1 ^J-j jJg jjt oL>o^M 1 -La oLS” 1^| (_£ jj 
2012 — 2008 ^LajJl jUg^M ^3 ajiJL>iJ j— - o-L>cjL>J 1 aSLL^-<>JJ 


A_i_LS\Jl c — — 1 t ^j-vwo j c 3 ^3 1 JljLJLw-l jLlljl -L-£_Lj 

dlLu Ajj ULa ^x—JgJ ' j LxJl ^Ap ^J-o-xj <LoLjj_g_S* oLl2J>c«a e-L-J 4.*/? A >cLoJ 1 

L™o i,>Lw<>J 1 1 <w— wvj dlS-LS” j t^j^>xj>tJl ^->5-^1 ^ 

<J j_aJ 1 ^j-a oLLo^--lJ 1 <J ^b>- oll 2 j>c_<>Jl o-La ^ \_Lj j^aj ^3 ^x— JaJ 1 jlx-U 
^-x-s-JaJ 1 jLxJl ^3 <l)j_jj_SLiJ a >c-LoJ 1 j_L>c_oJl ^3 1 -lij .^^gLJl 


^j-ojjjJl ol^ A— jL> j^]\ A3 UaJ 1 oLi 2 j>r_^J A_J LxJ 1 oe-LL^Jl AiLv^^L 
. CO 2 jLp C->LjLx_o1 ^3 j ^y2-*J2j>z-J ^Jl l A— S' ^oJl SjljJl (_£3 ^jUJl 

J^a cJ jAJlj Oj^>-'yi olj^— wJl ^3 jlxJl jLx— 1 

^3 Jl-LL^l IJlA <1)1 ( ^_^_o_j L 1 jUJl j3 L*jg-a ^23 LJ 

<J Lo-xL-o ^ 1 <1)1 Ljg j 1 .-La ^ 1 Lj-sX-^g ljlj3 3 j3 jJ 1 

^3 j.lg.-l 1 jj^ajLa <L5 \j j^£s}\ AiUaJl -)J y <lr° 1 jLxJJ 1 

^J->jg.3 V 1 3 j3 jJ 1 j>A (^2Jl C^x-sJiijl jlxJl ^w 2 j La-U-P A^a^Lill 3 j_5xJ 1 


. JL-Jl 


jUJl ^lw 2 j La-L-P A^a^LflJl 3< 

, tALa c Aj j L>c_l! 1 j A-J^LoJ 1 LwoJ 1 AL3 -LlJ 


dJJS A_>c-Joj 

^J_p -L<>jlxJ 1-u 5 J±a 4<1 )IjlLJI ^3 .L-Lx3 ojLx— *<1 ^l^^J 

^j-L >c-a j jJgJ-a Lg_j-\J t^Lj-g^Jl ^j-a L^J>-LLj| ^.Jg.x» ^3 A— jLoJl AiUaJl 
^3 1-L>- ( J^^-3 ^>-LAj iilj-A ^JbJLj C 3 j3 1 <J 1-L-L-o 1 La ^ 1-L>- 

^jA ^_P 1 ^J_P C 0-L>cJL>J 1 oL'y jJl ^3 . yi y^S 0-LA Lx-a c_3 1 — LA 1 Jj_JL>o 

1 lj-A <jli C^X-^iaJl jLxJl 3 ji jJ 1 ^3 j^JcJl <J y«/2>- 

j^Lv^-a Loj^>- t 0-L>cJL>J 1 a5LLo-oJ 1 ^3 U5 J-JLLL) 

(11-3) J-_SL^J1 .jLx— w-Vl S^-L^jl JUJl 
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2000 - 1990 - SJL^uJI oLVjJI J C0 2 jU otiUJl : (1 1 -3) JSLiJI 

. UNFCCC 


jJ I o (J^U*- I O Ij *)! jJl ^3 AjjOJI CO 2 jlp O Ij Lx_o 1 

00 * .(UNFCCC) ^jJ j-* ‘ 2000 - 1990 

1990 ob^Owa oj>iJ a)LoJ I ^3 7 -Up 3 ^ ^ oLj2jLL>Jl ^3 jJ yS 
UL^jJI ^3 l> aJI y* ^_1_p t20 12 — 2008 olj_o«JJ 

(1)1 A_l2j>-t>La . OwL>OoJ! oL^ jJ 1 ( Jo ^j-a (^Laj^ 1 ^3 jJ 

CwJ>u C o2_& 1 olj-OJl (_^wLa ^_Lp O 12 Lx_o ^ I ^3 Lo Lj 1 J-j 1 jJ 

ajoJ I ^3 1 7 ^Jl js>- ^Jj 2000 a Ip jj-p CO 2 jlp oIjL*-oI oJ-oj 
^3 A)U3jJl ol jlp ^Loj y~*j* (1)1 l' 0 -1990 ^ y~~o y* ^Ipl 

(_£ y*~~a ^jP AiLoJl ^3 20 ^Jl jj>- AyS «,a,>zj 3 J_>0>J 1 oL'y jJ 1 

0 ->o AJLoJI ^3 7 ( Jwv2_J (1) j_^La 5840 ya y\ t2000 j»lp 

<JtA->- A.ja.^j <Lo-* j3j <• ^j- 1? (1) j-wLa 4649 I t 1 9 9 0 ^ Ip (_£ jJO*a 

C AOOoJ I 0 j-w 2 jjJl AOajJl 5 I I j-^ 2 j .2012 — 2008 ol jOJl 

(_£ Jj>- j>oIj (1) jJu jJ j_jS” 0~L& Jj_JL>o I J_>- JwO^-Jl j_^P J^a Aj I j J_o 

.oOOoJl oL^y jiJ A^oJl*Jl A^viUlJl ^3 
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CO 2 jL*J S-Xj1jJ 1 o L> I (1) Lj 0 jS (jjJI <1)1 4 \ j-^>~ 1 

iS^iJL* SJuLp MjI 

c_3*)L^Jl ^3 jL*Jl 1^-gJ oJjljJi O L> jJL-vwoJ 1 <jl jl tf-L>3_*Jl ^^s>- ^j-o 


^1 IPCC-1995 jJ .ojj^2JLj ^ l£j-^J1 

^IjwoJ 1 ^3 L>t_v2 1 ^ Lj 1 ^_o Lj ^^JLAj 4 J 3 ^ 1 <1) j 1 )) d) I ^ 1 

j»l*JJ LlJ 1 <U» 1 j jJ 1 jj jJLj ^3 4j>c_JcJl Cijjt 0^o-£0 J-3 j 

1 ^Jaxjs 0 Lj (_£j3j ^J*J3 Jj>-jj^ <ul 2001 

Lol . 1 JsLLJI .AjLp 0 j_w>- V 1 AJw^i 1 (_£_La ^_1_P 

Ljs I c_3 1 ^_3 CO 2 J L.P j-^ j-j 0 1 j ^ 3 l 4_^3 ^ Ljs 

c _ 5 JL Lj3 J_*_j c d_ws2? Lo_l 1 AJw^j ^gJLLo-J 1 (^-Lja ^_i_P CjL*JL> ^_Aj j_j (Jlj 
<1)1 .(4-3 ) 1 ^3 j_a L<>_S* 1 5 j_)wLp <j j j-SJ Ll> Lj 

^ C0 2 jUJ ^jJaJl oM^LjJI <1)1 C (2-3 ) J^JJl ^ iL^U 

LJl ?-Ll2_*Jlj ^ jj>cJ 1 c_3*)L*Jl ^j-oj C Cj Lia-^>c^J lj ^ jj>cJ I c_3^)\_xJl 
CO 2 jLp oljlj^jl ol j_JLp ^51 ^oJL*Jl 

0 O Lj 1 jJa.yg 1 <J L> ^JJJL^j <1)1 oLS” ^ ^ ,<l)L*%u^M 

<!..., <g.>c-^ _L> J_>o ^3 <U>_^a <1) j^sj <1)1 <Loc^JaJ 1 O^LJI 0 j_A ^3 


. 4_> J 1 C3 Ljs l ^ 1 *Lwo_& 1 jjJL CO 2 J L*J (_£ 1 ® 1 1 

L*_J* L-^2j>c-fl CO 2 jU <1) ^5* <www«j <u 1 ^£ol ?-L>-L*Jl ^/2 _*j <1)| 

^UJl ^Lo)M ^_PwL) >. 0 j_j l^J 1 cj Lj 1 <jLi tCjLjwLJ 

e- ^ <* > 

.^/?jVl jS o^-wftJl ol-^>c-U L.U>ol Lo L^_*» 1 0 J 0 J j t 4 j 1 

Lij 1 ]Lxa toJjLvwJl 4^<>J L*J 1 AjjjJl ^j~SLaj jLSls'yi oj-A 0 1 UU 2 

<1)1 jwLoj t^j^jVl ojlj_>- Aj>-j 3 ^Ldjj'y ^jJ-n^^cJI v 11 <J ^j>- 

<1) Lj 3 Jj>c-4 ^LdJL» ^ 1 ^JaJLwvO <1) 1 ^J»-3 1 O ^>e-J 4>- L>- IjwA 

<1) V t C_J^> *>Uj . ^ 1 Jj? L*^jJ 1 4 j>e_Jo j V 1 Sjl A j>-j 3 Jjljj 


^ L^l ojIp! cLjU bUnil ^51 ^ 0 “ ^1 SJb^uJl oLjM^JI 

<Lw<>-Lp l-gjwA j5S 1 <Lw^i L^s» UU j-LJ SjJ^Lxj>J 1 jli c jjyS a^3Laj 1 ^_3 jJ 

. Lp<..Jgj 
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w..-ukJcJl 3 ^JCSc}\ .3 .3 

(jJJl t (Adaptation) JS ^3 

^Lw<>J 1 £_a ^aISLo (J I 4 J 2 LwvwO 4_) j -JL2 1 

oUl*-Jl {j* wb>JJ oUl^OIl 4 J*>L>- jji X^-p ^JJl c (Mitigation) 
jcs' <lL Jaa<j i 4^>c_o \ lz ij j <- aIslj I Ol y> pJ>J\ ( _ ? 1p .C0 2 jLp 
LJ <J^JL (J .iJLw& c d-> L*» Lw**J I I 1 j e-l^L*Jl ^.Jg.*^ 
Ca>cJ .^L^xJl <lJlS ^ 2 >*J L»jI 3 t (— AYS'LL) ^Jjli ^ jJxS\ ^jXs>e^ 1 

L ^Lto .0 J^S AP ^Jj 1 J->- 4^0 li j50' ^J 0 J_) Jj>- <_3j jJg 

^3 _L>ljj .liLlA s 3 4j Li (IPCC) jJg ^3 1 LoJ Li? 

^^-L-p 5 . 8 j 1.4 La I Sjlj- 

^jJ j^JcJ I li-& ^JwOs^x^a (J L) J3U0 ^/A*-Jl (jli C 4 .J LJ 1 
jj_p <j| <. 1 — a>- .(_£ j_LLJ I ^JJ 4 — jJL L> j_^a> La Sjj j-v^JLj Oj-^j 

4 ^—*^! L 0 I *, *,<g > x I oji ^>cJi ^Lp jz i jj>tJ 1 

dUL ( 1)1 C Lg_j j_£ jl 4 _> J 1 jj> t-s^J 1 j}Js?Lw<>Jl ^3 (jj_JL— *_> i_rH 

Idd (J Lo-Jo J^a ^jjg Lwa ^3 4_P 1 j jJ 1 ( J^23 3l_)JLal (jl 

A3L/gj ( JwW?L>c> 3 <lp bi ^Lp OjdAgJ I .^LOjI ^II ^JLJL ^ C ^Lla LwwO 




dgLo |^3 jUxjI J^a ^*_P I ^Lp • (_£ ^w’xJ 1 3 ^ 3 I ^ La jj 


?•! JjJl 


Lr 4 




(j| (j jJj_Aj c-d j-^a> 1 A^px^Jl JX* 1 ^P J^s_x3lwLoJl (jli l 4>LJ3 4 ^j L^_j 

c UJ 1 (J j3^ LJ 1 ( J ta i)jJ L> j (. c_>Ll5LiLJ 4_> j_^-J 1 j 4 j3 LoJ 1 4jjJ-SLJ 1 

• y >z - / ^ L^JIp CO 2 cjLI^-oI 4jils* ^y» ^J3l 0 j^-z ji 

^j^c-wvJ ‘two-LJl o^JiLwoJl Ujli? Cj-s^l>cJl C-3^Jl ^3 

^yj 1 w<j jjjSD 1 ^/ 2 _^iXj)) j! <-A.Jg.LJ 1 $ZS' x>-jj 

jLp Cj U L*_o 1 wL>o (jl (J J L>cjJ ^oJ Lp L 3 ^’ OlxL L^wLixJ I 

A^- 3 Lij 1 ^i-P /^-*3 j^J| (jl <_3 jj yS OwLaLx^c ^3 (jj . CO 2 


L)| .2012 — 2008 0 jX aJ I (J jA _>- ^ ^ a (— g jJJg_^J I CO 2 j L p ^2 . ^jl>*Z 

Lg_j jZ ^J3 V I J I t(jj_jj_5L]| ^,<g.^AgxjJ OwLixJL^Jl C3 Ul jj>-^Z I 
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Lx_4 <jL>oj .,b L cjLjLC-'yi ^y-*-> <L y>- La 

oLJ_o_*Jl SELLS' SjLjJ c4JLjAj>*J| ol jL~Jl ^3 3y3yi\ 

O U I yT~\j c 4-4 ^ J ^ 4^ UaU i^j 1 y*^ I .2-J \j aS UaJ I 4 jl 4S* 4_^P l '. .,^> : I 

^jL-oJIj JjLwoJJ (_jjl j^»J! <Jj-*Jl J2G 4-9 

4 ig ,» 1 J_i c- 1 tj g 5C 1 1 ^lJ jj ^ya [J I ^3yi U I LAj 1 • 4_) J L>sjJ I 

a]s^j\ JJ ^>- j\ jLiJl a]s^\jJ ^Jl y yy3>*}\ I 

^2_*_) ^3 . CO 2 jLp 0 UU- 0 I ^3 y y3Z^yL>Ci 4_ijjjJl LilkJl 

la a 3 oLUJl £-jj SiLfJ io'yL>Jl 

l_v2_! I yfdlj 1 4_^p l ’. -,^? 1 1 , -> LL>- ^ I ^Lj j cJ^ c^° ^ J ^ 2 ^ 1 J V I 

c Lolj L5 j . CO 2 jL*J (( 4-^4? LjJ I )) 4_^>J L*J I 4_j I 4_1_xSnJ 1 jj3 jjjjcJ 

twSljJfc! u I 4^P l - -,^> : ' (JjjJl ^ ]j*-4 ^Jl 4^»*jJ L Lx_v? (j^5\j tJ j-o 

“ 2008 0 jJLaJ I 4_j Lg _j L~~j j - -,^? 4 i I I ^j-4 I j2 

2012 
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♦♦ 

^4 diiHaJl (jy Lc, 




BJiUsaJi _ 4 


. 1 LoL^ <J*}\j>- AjiU^oj o3J»?CLa (J l$w> L> A3 UaJ 1 


c~ 


u 


^^>3 1?49 A3UfiJl ^Cs>zj ^ .dLU ^jba <J y>~ jSJlJ c_A3 jl> LU3j 

3 j_3 j_J 1 i L_l_x_J l a wL_>jj_jlJ l s^2_jI j_5L! c 4 Jj_j o— i 1 LljL^L^- 

^ jj>tJ I ^5s5wJ I I t ^JJuJ 1 ^Ug.tf.1 aS"^>«^U I A3 UaJ I 

2002 fU ^ iSUaJJ ^JUJI +^y\ jl fl 

10 jl c (Btu) AjjUj>*jj aj j I j3»- 1015x400 ^Jw4j2j ^Lp ! <jU" 

(1-4) JiLiJ! jlJj , (ilf) (10 Gtoe) ^iLSL. Ja_iJ jj, jU_. oVl 
|jlA <1)1 J>3 ^^Ip .^L^aXil ^Lki JU" <_JJaJl UlA ^ j jj 

wL^xj wL>- dJJ3 ^3 iwL<>JLx^3 c jj>-l -U-> U~* l J~*~*~* £-d J ^-U 1 

Lo jJL> AjjJI ^3 25 <1)13 i ^P LwaJ ' jjJajJl Aj>-j3 ^J_P 
Cj UL>jJ 1 Ju j JxJ AX^U I ^3 3 2 j ^JJiJ l ^JJa3 J A3 UaJ 1 

A^l A^3 JJ Lg_La t 0 J-P Cj ^ l_>c^3 ^3 ( Jw<>-3CLwvU ^Ul Ljwo c <up LwaJ 1 
A_J j ^ I A 3 U 2 JI j3 Ls^a A_Ul 3 A_*^S" L,<g-J .A_*/?L>Ulj A^s L*J 1 

3 1 15" ® A_3 UaJ U A.la.^.7 1 j—P ® _> 0 j_P J_xjJ 1 O *y U>_*JL~<> ^ 1 i 

.dUi^XJ! ^Lul ^3 ^wb>tX--vw<U I A^j Uo-Uj 1 aJ jV I 
*>l •; ^2 i ) j2_5"l < — g->4 ^ J J «/9 >cJ 1 A-J^-X_*/? ^3 ^_P jJl ^-1-P 

a7jU>3 ^ 3 U^xil ^JJaS J5" AilkSl UM^x^.'y 

> 

0 UL 0 A^p UvU I jljJJl ^.Jg-^3 t ( 1 — 4 ) ^JUUxJ 1 a7—o L>j 
^ jja (2-4) JiUlJl JL* L^L. c5jW^' J;PUai3l ^ J5U 


. .iaij •Jte Li^»- 1 Gtoe (■>!?) 
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.2002 - iaUSVl oUlkiil 55 UaJI Jj> ^UJI ^Jkil :(l-4) JSUl 

.World Energy Outlook :5J_jjJl 55lkJl 5J15j oUL> : jJUadl 



oUUaJUl ^ ^ Sjl^uJI oL^jJI J 5iUsJI ^ ^.JUJI v-UJI : (2-4) JJLUI 

.2000 - S^Laa^l 

. Annual Energy Review :55lk!l ojljl ^ oUL> J~r° '■ jA*a*JI 
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. (Gtoe) 2000 - 1980 - ^SUaJI Jlp ^ikll J ^Jl :(3-4) JXiJI 

International Energy Annual iiilkJl oUjLw Sjhl oL)Lu '■ >Wa_«Jl 

.2002 

o 1 oL^ jJl 4_^vjJ L <Lo L,rfg.3 *)! 1 o L p U 2 - 4 J 1 43 UsJ 1 

^£- Ua3 ^3 43 UaJ I 4_vap- .2000 ^»Lp 

<j| .^oJL*Jl 4w2j>cJl jIjJLa ^IpI a^Lwv^JIj ^JJLxJ 1 

^LL>.a) 1 ^3 4.J J^woJ 1 _L> j^} 1 j 4J3 JjdJ 43 UaJ 1 

Aj ^*wJ 1^ 4^3 I ^*^_«^4 L^3 I c_4J 3 Lo ^Aj ^ lvw«o ^ 1 

. 4j j L>tl! I LvoJ 1 ^3 <LdSvoJ I 0 J^J>- ^ l 

£4 CjIj ^LojI ^3 43liaj| <Jljj ^ J 

(3-4) I . jJ^S' Lil 1 j ^JL) I ^3 4^g- U.^?J 1 oj jiJ 1 4_> 1 J-> jjw4 
1980 ^a\s> ^jy^i ^_j j_stw*J 1 O I jJww^U IJaJ I ^3 ^lojM I |j_A j jJaJ 

olS” AaJ .(J jw\Jl <. ^y>S l*J 1 4 ^*jJL 2000 j 

J\j>- 2000 j.u ^ iJjVi aikJi Jioi jid ^uji 

0 J_>cJloJ 1 oL^y jJi do IS" *dwe>- t. ^3 15^4 JaA j l*^>- 10 
kwJJaJl j_oJ jlSj kwJJaJl Lo jJLj 4JdJl ^3 25 
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International Energy Annual oUjLw Sjtal olJLu ^Jlp y^ '■ j~U<a^Jl 

.2002 


C AJLoJ 1 y 4 0 I y>~ o j— y2jaJ 1 o I o <J A3 UaJ I ^i_P L*J I 
I (J (J I ^ ^1 i (3 -4) JiLiJ! ^ jj. U5 

^J_p kwJJaJl <1)1 L>JLi?j .j-sl5v_) ^J_p I 1)15 <Jj_\Jl y 2 -*-* y 

Cj L> ^ jJ I ^3 k^JJaJl yo yi£L> I c t JJ^Jl j y^^ 1 y A 3 U 2 JI 

1)15 y~ J.LJ I y^jjt y j_^jJ 1 (JwL^a 0 I 3 t oJj>*JL<>J 1 

. 0 JJ}}\ oJlA <J^>- l_b>- \ 

^ww-jJ 1 iw-wUaJ 1 j-o_j aJjULa t (4—4) ^J-Ss_2lJ I <J *^hs>- yo t 
L^JJ jIjJJJ (1 .0 J*Uj 1980 ^UJ ^JlLJI jLpL) iiUaJl Jlp 
^ oJ LxJ 1 UaJ I j_ o_> £_>s l AjlLw<>J 1 A_L~o 1 0 jJL3 <J l 0 t>\_P I 

oL^ jJ I ^JiLo a^*wo jJ 1 a^p liy?J 1 jIjJJI <j i Alaj>-*)\^J! ,^JLo»>-^M 

y j^SsJ c 0 I oJ-A <J JJLx^a j-o*j jLS' c Lwo yj SJj>*jLqJI 

-XJjJ ^J»p I I <1) IS” 1 1^ y^z] I t I y jJ-J I aJ L>- 

1 .2 o*aa a^w^ ^* I 0 ^3 <_j l 1 1 1 1 l^i« *1 <^ LS” 
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(, ^JLxJl ^3 4 JC 0 J 1 ^3 1 .75 j CjLj^ jJl ^3 4JLoJl ^3 

.wLL^Jl ^ <^<Jl 6j j.ygJl 4.1 jlS” 4j^C! 

oJ-P Ly?J 1 CJ I 3 1_v 2JL3 ^ I ^3 j^oJ-U |jj>- 4_JL*J| CJ N Jl*-J 1 0 j_A ^jcJ 

ol j_L~Jl ^3 43 LlaiJ 4 _^qJL*J| ^J_P *}LjLa U £_*-»/? C 0 1 

C5* J 6 ^J»p 4 J 23 L>*-oJ I ^ j-Ua^oJ I 0 IS” .^LolJiJl 

12 <-JL& L,^-o t^_3 A 3 U 2 JI ^J_P <— ■— iJaJl Lo^>4 <1)^3 t ^>LLa _U_gJ I 

l2_A ^__a_^2_XJs_^ LgJ>Lo ^_Lp Cj ^ J_x_^J 1 oj_A O j_oJL^o I i^j . 4J_^ 

^J>c_»/? 15” 0 1 oLVjJl ^1 2J>tXj C_3 1 ijli t <J jjjJ 1 

cj L ^ jJ I c_i j_~o wLLgJ 1 »2iJ J-S'j 1 2 0 3 0 ^ L*J I <J j4p- ^3 43 II 2 JJ 

^J_p k^-LIaiJ 4_J L*J 1 cj 1 Li* .2043 ^L*Jl ^3 

^oIjj 3L>o1 ^sj L« <u^>JLxJl <CLwJ 1 ^Lp 43 U 2 JI 

Uj3l_v2_^ Lg_> 1 aJL) J-I 2 J I J ii *]A ^ ^Lw» *y 1 Ji?L>_jl ^3 4? jJ>c_La 

.43 U 2 JJ iJj S I 


I ^JL^_>-^yi LxJ 1 ^j_o ^ ^_3 .L? L— j j 1 iJ Lla 1 Lw>c_jjLj 
£>> t .iilkll (Gross Domestic Product GDP) 


• v- ^ 


ciSO^Jl 43 Q 2 JI ^U-X>_S" ^3 j! J^3 
. (( 43 U 2 J | 43 11$”^ (GDP) LJ 1 1-tAj A3 UaJ I ii 4_^**jJ 1 ^P_ijj 

^Lo^^M S?-li5sJl ^j>s ^^>5” ^^Lp -tU W 43 U 2 JI 43lxS”W wLiJLxj 


£3 j-^y 1 .JlLJI Id-A 4 ^ 3 \j*J>- ^i-Pj 4 j 3 I.*, <g .3 ^ 1 4 »JwJ I _Pj 43 UaJ 1 

4jLs.i^J! ‘U-p l.Ls,<g.) 1 j3Lv2-x>Jl C 3 I 3 tJ-U-jj t3jLJl ^Ijw^Jl C 3 I 3 (jI^lLJI ol 
(JJ 3 j ^^3 43 IL? 43 liS” L> y*J* Oj^j <Js> y^> L 43 UaJJ 4 ^-^J I J 


£4Ja3 ^ wLoJLxJ 1 di-Ijj 1.33 1 LwO ^3 1 

43 Li? Of-Li-S” Ol3 _\_Lj ^-A lAJwS* L)1 |*-P jJ I ^ *}\JLo .C3LowL>cJl 

IJla . LxJ I ^3 ^^ipSM 43II2JI oliliS’ c 5 -t^i L)U c L™J 4 -JIp 

iJjSf I 43 Ik) I ^^Uali'yi ^L^-l c5jiJl iUjVl 

^3 j 43 UaJJ L*j I ^L^JU* ^y 1 ^3 0 y I 4>^o I Jw« 1 jJ 1 >X >- 1 L) LS” 

<w3L*_v2?j 0 j ^>- s y i oi j^wwsji ^3 J 3 j . 4 JL 3 w\j 1 oi jUi i 1 
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Se-L^LS” y» j_>wLxJl (Jl_>oj -ULoj^l l-L^J 

t f-bj-^Ss J IS” A3 UalJ AjjjIj J*\y>- ^\ aJ j S I A3 UaJ I ^jj y>zj (_£ jJ A3 U 2 J 1 

Sjlil o 1 l_va_j!j 

(5-4) JX4JI ^ dlli jSUi ijjVl ^ ‘^4^1 

4_aJJ^_*~<Jl (toe) 4_ti LSC_oJ I JaJjJl jLJsi jJLj t^JJl t(IEA, 2000) 
(Purchasing iiiLSCoJ I iJilj-LJl ojJLM oJ^^j >_l!l JiG LwoJlc- 

0*Ao_*J a^jI jJJ\ ojiJl JjljJ ^^iJl t Power Parity - (PPP)) 
Lolp o ^13 (J t>b>- Aj I .^5* jjJl A^vJ 


^ 0.3 5 ya A^jJl o3^J C^oIj : ^y23 IjJ ( Jw23- 2000 1970 

^ .iuJl J. 29 c2000 J> L^J 0.25 ^1 1970 

$ LjJ I I I3_& La_?»s_1 I Ll^_ow« o LS” I 3J I j-'^' 

O L 0-*3 jJ (IEA) A3 UaU A_J j_\J I aJ l5"jJ 1 tl) I ya ^S* j J 1 ^J_P t C^u 111 I 
|>Lp ^3 0.02 Ij2j>c_j ^ L) j_oJL^vO c_3 j-~* j A-SlJaJl A3 Ll5" 

i>LUJl yA jl S’ lit .(5-4) JSbJJl ^ jl* yb US' c2020 
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2010 fU J ilLuJI ^ ^ ia-5 Ul ^LJI aJjSM SJUaJI : (6-4) J_S_iJI 

.^ISUJI JaijJI 2030 y 

Key World Energy Statistics 5ilkJl 5JLSj ^ oUL-> l _ r Lc j __ s J_a : 

. (2004) 


Lv? (.iiLkJl 4 JLLS' ^ Ij_SLs> i _ r i_£. 

L«j a^UL cLlJa 0I3 SapL/aJl 

oljL*-ol ^3j c^SUa)! ^ ^ 5 ^ I I Jj \ UL3 ^)_P 

. L^2j 1 ajusjJI aa I j Lp 


Jl V-JL ^UpJJ (6-4) JSLlJI jli 

2010 ^UJl ^ iJjVl ailkJl s_JLi=Jl 

oJas s_J0=Jl ^ jlilil iJU-!! 35 aLaj^l JJlJ -2030j 
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^i_P .4JLoJl ^3 5.1 1 y>- oj IjJLa jj* j_o_j (J J_x_>3 o^JL&J 1 

0 \^A_1__> A__~*jJ b (JJJLx-a ^ j-lJi AjI ^*_P jJ 1 

^3 4_J j V I A3 LlaiJ 4_JL<>_>-^M 4_^2 j>«J ' Ja^J <J I ^3 I ^j>s t (OECD) 
^-Lp <— U-laJ 1 A ../?.:>- ^3 bLojI .iJljwA b>3_o C A_flJaJwoJ I od-A 

dib .^bbo .(_£ jJ5^l Ajj_^a>! (jl^-bj I A_^-*jJ L) aJ J V 1 A3 UaJ I 

^3 A3 UaJ 1 j_j I A_wmJu 1 l_) iw-JJaJl ^3 j j ^ la 

.(4-4) o~r* bb" t wU>^J I j I ^3 o j^->- ^ i oljJwvwJl 

0. J a ^_3 lwA_>- j) ^ 1 1 ) La_ 1 1 U a b c_3 ^ i >- j ^ I ^_i P 

1. A ^ J 3 VI l 3 ^ c IjJa^ ^vwQ Lp j_*b> j-* SJlpUsJI obi ■>/?: 3^f 1 

1 A_>t_Oj bib j .bib Lo— )j^ t ( ^_> 1 j (_£3b>bl l) jJL) I 


> j~S 1 A^Pj t_3^i AsL^^/L* C 0 1— V-bb I obA ^3 1 ^3 1 

^JJlJ 1 Ala.^o 1 jj Lol tAUb>c^Jl ^JJcJl Obb^-b> o^Lfll^o'yij bbbbl ^yo 

jUttVl jlo^L jl fl*Jl 

. o^) k^bpl ^3 


<JL>*J| j-A L b CA^Ubl O I j bbJ 
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(_ y oJL»J! _ 5 


<uJU3! 4iUsil jiLy a* .1 .5 


43 UaJJ j3 L «j3.a 4j J a_A3 wb>- j_; 4_j I LUa.>- V J^iJl ^ 

Loi . 4_> j j_J I 43 UaJ 1 j C o3 Jj>cJL<U I 43 H 2 JI j t (_£ j ^ I 3 j3 jJ I C 4_J j V 1 

^3 yy j-£3 coUjjJl oJ-A !jj>s-oJi c 43 UaJJ ^oJL*Jl U^A_g_L~oVl 

y> 4 JL 0 J 1 ^3 8 0 I y>- o I Ja_>- *>UU I . ( I — 1 — 5 ) I 

e-^>- tjJJJ^* 3 ji jJ I ^^>9 LgJw^olj ^Ju iJj Vl 43 UaU LoL>-Ljj>-l 

o I ( j^_o ^JJl c ( > — 1 — 5 ) ^JUUjU I [ y jwLv2_^Jl iw^vj>o 43 II 2 JI jj 
^-A ^^oJ l-*J I (J_jJ->c_oJ I U>J>J (_£j ^_£J>- V I ^ ^3 ^J 1 C-> L^S” ^-A I 

U> ^3 Lo I . ^x.^ja.l I jLiJl jj>zj > sJ I I c JaUjJ I 

^-A (.^_aVI 4_*_S” j-oJ I <jl ^^3 clLji V t o3 Jj>cJL<>J I 43 UaJ I ^JJa3 
oLUj J^w^aJo ^U I oULLUlj (^IjJ^j>-VJ 4J_iLaJ|j o3wL>cJL<»J| 3lj_oJl 
4_jiJ<J ^ (Black liquor) 3j_~oVl Jj_L>*_*Jlj ^w2^kJl 

^>-Vl (_£jy^Ul 3j3jJl 43L2>Vl> t *)Uj j jJ I 4-£” U*3? (_£-J ( Jl>-Ij^UI 

43 U 2 JI ^JLj U* ^ I .4ywolUl <Jj_\Jl ^3 _LJlj (_^JJl l— . Ja.>U 15 

t <Lo Lo j Jl 43 UaJ I y* cUJ ljLs3 2002 ^l_P ^3 S3 j j_<J I o3wL>eJLgJ I 
5 .0 I y>- LgJwO (. UU I kwUJaJ I y a 4 JL 0 J I ^3 2 . 2 J^P U Jj-wvwoJ I 

4_^-U^Jl oliUaJl ^j_y« Ijw^jpa jLS' ^-^JUUl <_JJaJl ya 4_LoJl ^3 

( V > — 1 — 5 ) ( J^S\_cUl y yy J-& UaU”) 4^2>jVl 4_>jljJ>Jlj 4^v-o-^Jlj 

4 (^J-ll V J I 3l»JpVl (J V I oJ-A jj JSj C^>o 

^p^Jl . 43 U 2 JI loU-U^ ^^JUJ cijjU^^Vl ^j-^j^l ^Juui 

^JJ>zSL*~j 4j!j (. 43 UaJJ ^5Vl jwLv2_^Jl j-A ^L>Ul JaJjJ I J)l 


83 




.2002 - jJUxJI ^JUJI SJj'ill oUall : (1-5) JSLiJI 

t 4_i j >sJ 1 '. oiwb^sJLoJl jw I ■ a. ~ J I j oLiLijJl = CRW 

. ^Jl . . . i .... 1 

International Energy Annual :SilkJl SjtaJ oLL. > ^^J-c L _ r ^ : jJUa-JI 

' ' .( 2002 ) 
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.2001 - Ulp jJ jj ” : (2-5) JiLiJI 

International Energy Annual oUjLw Sjhl oULu 

.2002 


j LiJ 1 ^jA o j~S o L*5 U/2 j I IjJ c i ^Ua3 Jj L-*> I 

.^j-vwoj *L> *XJ jjj AjiiJjJi ^ jZ>zs>z}\ ^j>5jl] 1 j 1 

(_£ jj>- V L> L^JwSCJ t LJ jl A3 Ll? jJ^^a p Lj < j| 

*\j Jl J-J jj 6^\~oS' jlj .^jliJl ^^Jwv/ajsJ 1 ^3 Lj. U5 11 A3 UaU 

^j>*j2J! ^jA l*J I 1 ^2 2A^ jl 3j t aJjV I A3 UaU ^vwoj 

Lg-i-S* A_o L> J I J A_> J jjJ I A3 UfiJ I J 1 j L*J I } j (_£ jj>cJ>sJ 1 

f* i f. > 

L^2j! JgLAll 1 J 1 i>* (*A^' (T^ 

^3 o 1 CjI_ 2LL<>J 1 ^J_P o-^Lp j-v^JLAj (jli 

.j_^o Ojil^>s j^-P ^ jj>- V I j3L*2-oJ! O J&3 [a*\SS* j \ toJ-ocJl bwoJ 1 

^ l_P Lw<>-J l_P e- Lj I ^ liL> j ^3 3 ! A_o_& L^*w£ (2 5 ) I 

jl . o J_>cJL^J 1 Cj L> ^ jJ I ^3 A3lIaJl Sjl jjljj jJLi ^3 3 j J U5 C 2 0 0 1 
ajj 1 ^j>xJ 1 A 3 U 2 JI <zj H2j>za ^jA jsL Lo jjL) t- L j^£1\ ^1x2 


85 




J^ajjj L<iXo L J j_A>- *)! I 3j_3jJl ^J_P ( J-0-*3 L5^ ^ AjXJJLJ 1 

0 JJ 2 J I ^Lj-^-J J^a Lo jJLi AXoJ I ^3 17 LgXa ( J^ Aj jJI J AoLaj^_g_^J| 

^ 'y* AXoJ I ^3 2 la.*.*/?) L ^Aj t aXLXqJ 1 A^wjJ 1 La! .*\j ^)_P 

L^_^Lp (J j_v2 _>cJ 1 t ^>L^J 1 ^-^JL*Jl ?•!_} ^Loj ^JLoo>-j 

c A_^_-»*w<>wXJ l^j c A^j I ^j>- ^_*_> cJ I L,^--J LS” c ^ I o3X>eJL<iJ ! Lo?oJ I 
IXa t ^JaJL . Cj L LLJ I j o*XL>cJ| j3L/2-aj cAo-LjJlj 

A 3 Q 2 JI j^LvS^a AaLS* J I jiljjJl ^1_P IXxiJL*-a t y>-l ^Jl AjiliLa 

A3 UaJ I ( JwwX> t ^JLa . <_£ 3 Lo2X3 ^ I jj_kl!l aJ l_>- ^J_Pj AolLo>eojJ I aJ j V 1 

O LjXo t A Ijwv^J I (J jXJ 1 ^3 ^J^SLXo 0 j5” j«a <J j^sjJ A J jjJ 1 

. A3 lj-*->- OljLxpL IXola Ao Laj^_SvJ I A3 U 2 J 1 XJ 


^Lp CJ Lo dJlj La A 3 Q 2 JI A3 IIS' <jl ^j-a ^_P 1 ^J_P 

L)li c (5 —4 ) I ^3 Ua>-^La olS” LL tSjo>-'yi ax*> ( ^j*}L)I (_£Xa 
^ ooL XoIjJ ^1 ^Sl (jpl o^iMl J^UlJI ^ j-o-Jl ^Lo-^-l 
.aJj Vl A3 U 2 J I J lSw> I £ojO> J l*J I L t)L^ls» 'y I 


LwoJLp A.J j ^ I AsUaJi Ojy>z-A ^3 j_~J I A_S”jLXwa La! 

1973 Jl (3-5) JiLxJl ^ cjju^jl 

70 A3 UaJ I o j y >z - A ^ L_>-j ^3 j_^jJ I (1)15” S jJla! I oXa (J^L>- .2003 j 
AJLoJ I ^_3 1.8 (J. ] jXv« oX> j«a j_o_i (J X_x_oo *^Ll^wa t Lo j-A AX^J I ^3 
^j^2_x_o I A_SjLXo> ^3 I j! ^ ^J\ . (IEA, 2004) 

aLUJI o^XpxJLoJI 3lj-oJlj ^ jj>o>cJ I ^-^c-aJLS' C aJ j ^ I A3 II 2 J I j3 l-.,^.a 

XX 3 1 0 j_o>- ' y I oIjXa^JI ^3 Lww^o *y xxx^a o LS” c cj L LaJ I j (^IjXj>-*^\J 
jLxJLS” ^ j3l_o2_^o ^ I A^jLXwa ^3 d-o Lj ^Lojl ii Lla l) LS” 

J^a jXS” ^3 Aj| cLwJ>- c ^x.^Ja.1 1 jliJl a! L>- ^A Lo? oXa .^x^-iaJl 
iiL-A toX^ALgJl aSLLowoJIj oXpaxoJ I oL^y o j j-L-i-oJ I <JjxJl 
XJ jJ ^j>- I ^y> ^£jS>zS>tJ\ ^j>zjl} I i J s>ZJ> I jlXJl (Jt>L>-| CXX>- 

^jj2JL>- ^3 A_^ jJ I Apx_Jo LoJ^- 0 JJ 3 .AoL j_g_SL Jl A3 liaJ I 
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International Energy Agency -LJjjJl iSUaJl 3JL Sj oLLj : 

. (IEA), Key World Energy Statistics (London: IEA, 2004) 


4^Jo {£ J>-\ ^ ij^ 3 

jJ& ^jS' _lJ jjJ <uJL*Jl S^-LaSsJIj Lww^vu A..«^g.i.>cJwoJ ' <uii5sJ 1 

Lla .4_^S" ^o_J I Cj b I 

^ I I ^_3lj_iJl j_a y s>z - j l^i_A 

i)jy>x-a ^J_P LLjJj>- j_3 iiljwAj . ' jl_*_U I 

IoLpI jL*JI jU— I { _js>~ y )l ^Lojl c L« c jLiJl 

jUJl jl {y> L^-^J e5j-A^- ^ 
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3 j->- j_>3 t J-p'yi ^_1 _p 4Jl J y>- L— ~2 ylj 3 j_ 3 j j-& 

|J_A C ^UaJ Li . JajjJ L) 4_jjlJL« 4jjL)j t Ij— Ml J-p 

l*—p^J I ^J-P 1 ^ y-^ (_JUUJ I c5^i ^ 

ur*-^^ 1 jL*_U y y»*_J I ^JJijJ I J-* ^y ~J IjJJa ^LoJL^I 3y>-j yo 

c ^y..sUaJ ' jLiJl ^y j_^5vJl ^^jLaJI oU JjJa Lj>J I JA (LNG) JlJJl 

oL)M jJl ^JJL. ^_aJ j-o ^G_L? ol^ jj-L? Lwo c lg .*> j M I ^j-JlJI ^JJL. 

tjt>\_>- la A * I L (_3 I iiS'jLJLa LJ_*_9 0 -v 2 -> 2 j>o I JJLl .uIjI-JIj S I 


la a \ 1 1 ^ljJiJL~.l (JLaIjMI ^>-jMl ^)_P d -~~-5*l- c ' C 0 jJLaJ| ojjfc 

j*_=-^-aJLS' 3 jJjJ| (_S f-Lj-gPJl 


)UJI 


L»^ .oLi j_^Jl 


oL5 




,U5 






f-L^-giGl jjy J^i yo 4 jj jjJ 1 43 UaJ 1 J jy>c^a ^y t 1 _v2j 1 1 J j-<a-J 

ya (^ L3^ j yJ I ya O LjwO LjJ 1 JjIjIj O Ljw^«-wvJ 1 y 

^a > UU I ^ LoJla ! •s.^^,. i ^-UlU J^l Lla Lo I IJ_& jl 

j .4_»jjjJl 4_£lUa2J wL^^I ^J_j jJa ^yj-2 1 j_o LJ 1 j oLo^i olj_oLlj 

o3 ^P iJ 1 Jw& J ^SU J3 c CO2 j lp ^ UJ ya Jj>cJJ Ja^wsJ I jij*** J I j^S^> 1 

J^S I I J-& yL$ Uj c_3 . 4j j jjJ I 43 UaJJ j Ll^M 

•O-UI J—!' ^ 


Jj IjxU oljjJ-AiJi ^y 2 -*^ (IE A) ^JjjJl 43 U 2 J I 4 ] IS ” j cj ^3j (JJJaS* 

4^*< jJ^S* 0 jZJ (J 4_J j'y I 43 UaJ 1 (J I5w> I £-yoJ>- l ^-£' ‘w-JJaJ I ^3 

jl .(4-5) JSUlJl JLa jj* U5 c2030 LUJj 2010 

3 5 jJb ojjb 4^-j (J 43 UaJ I k^-UaJ I 

16.5 ^1 201 0 y> (Gtoe) 1 2 . 2 y IjpL^ c L yJ ^Jl y 

o5y iS 4j^Jl y 1 .5 L~S”Ip t2030 y (Gtoe) 

<!l~s>~ . 6 JL) LJ 1 4^*i U>«« (J" 3 l 3^1 y-4a 

4»w**jJ I j ^i-P I k^JJaJl ^^P” ^-^-U 1 Jl (^^1 

y Lv^l-4>ol oLx3yJl y^j t *c5y*"l 4 jjULoJL 43 UaJ I 

^jl jJJ^ cL~J>- 4 oLoj y_^J I 43 UaJ I 4 y 2 J>o Lo ^y J-^Jl 45 "j LJja 
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2030 flp JL>- jJLs^a-JI ^ lb.S...4 oLLJJ ^LJI :(4-5) JiLtJ! 

. (Mtoe) 


International Energy Agency iSLkJl SJISj oLLj (_r-r° : j-Ua^JI 

(IEA), Key World Energy Statistics (London: IEA, 2004).. 


o j o Ly2-4 ?-LlJ Lww^vu o 1 j Ai_^JL>c_^J I o j jJL>J I 
j L *Jz~l 1 J t ^*wO I ^oj>sJ i J-S” I jA ^jjo jJi . J Lj A_o Loj 1 A3 LiaJJ 

iwwv^j Ajj jJi A3 UaJ 1 b a5 jLL* ^3 

JL3 ^LJL -oUaJl ^ J^JI IJl^J UU ^U*J| ^Ul ill jal 

jliJlj 1 jS^\ j-wJJ Ax3j^Jl {£ j£s Jl A^ jLLJI 

J5 c JajbJ 1 ^i_P 1 ^Ua3 ^3 Jj cLwsj>- t I 

jlxJl kwJiaJl ^jLs/2-oJ|j v JlSUJlj (Jj^-L>Jl A^3 Jj j jJ jj 
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I jiLyfl-O .2. 5 


Ju I ^ I J->,<g-o— 1 I y£j>- *)! I 3 y3 yl I c Lj \j Lo-S* 

43 LI 2 JI cj L*JJ aJLo jys Lo j_aJ ajj>JI ^3 80 ( jysl (_£jJl 43 IJ 2 -LJ 

yg^-dJlj ^ycJaJ I jliJlj j»L>*Jl Ja i a 1 1 <1)1 L>-> .2002 j»L*Jl ^3 4«woJl*Jl 
^ISl <J 1 j-wvJ I <jli cAxywJaJl ^3 o3Jj>&Aa ^_^P j3Lu2-a L^_*yw<>j>- (_£ y>ej>sJ I 


^3 L^-j-p 3 L^jlp *y L> 


^JaJL**u ^Aa y& 4_~vsjJj yylfij 



4 jy2J>- ^ 1 3ji yJ I jLx_*ai <1)1 y-a yP I ^J_P .aSUs-LI 4_Jjl 
^3 A^i 1^3 O L) jJL~wo*j CjJ !j La < ^_x_^2aJ 1 j LxJ I j Jfl-tfjJ 1 

4j l_X_ug O^Lsaj 43 LliU 4^-^oJ | oAa ^1_P *>— ^2JaJ ] <lrc^ • ^ 

yp jJl ^i-Pj . <_£ y>-l yL) 4Aa I July ^JjAu 4 aJL> cJ I ^3 4J$L! 4 JlJXPMj 

0 J_j J_P y_Jg L-Aa ^_3 I j j_3l yJJa ^ y>c_g*c_J I yge_d_J I <1)1 Jys 

OjLiLa ^J^SsAu <l)Lpjyu ^y_w_laJ I jLiJlj ^L>cJl JaijJ I <jli 4ylLxJl ( Jya 

Ja-^jVl <^j-jJl ^3 Lug yu 2 -g»- oj5yJ lgd*J I JyJ Oj-^-S” j3 Lu 2 *a ^a 4 I Jj>- 

.L*^>jjj Ja^aj'yi (^jJLSl ^y ^ 5 ^ ^yc^JaJ I jlidJ |jg>- j^U^aj 

^Jg LjJ>- ^ I ^ o3 l_P Jy>-u 2 Ju ^^_3 4 La Lp yj <La Lp ®_j 3 Lu 2 ^s M 0 ^ L*P <1)| 

4g~ I y>iJJa I j^Suou LJ y JiJ A^L/g^b 4®^! y>«JJa*)L] ^JjLaJI C^wJluJ I 

yL>*J I ^3 o J_j J_gxJ I <\^J>- yj yJ^jJ I olj^JaJl ^ J_u^JI Ji 
j3 L,0-«J I ^JwX-gxu oJuJ_> 4u3 Lu 2 -A 3 ' 4_J L>- 3yj >-j jl t *){jLa y-w<>_JcJ I 
jAS*! C_ij yu ^jg.pl Ji j I J^JAvJ LJL^ 4 j 3 Lu 2 jj V I ^P 

4^x>J L*J I 4^»<)U>cJ I 4la.^o I jj (( ^1 y>t)Aa ^Jj Li] I 0-A<)J I Lju>- ^ ® _J A3 3 

t ^3 yo-]l CJ-j-oJ 1 <1) jy?^oJ I ( Jywg ^jJaJ I jJl® ! AjI t _^L^' A3 UaJJ 

A-O Lu 2-13 ^ 1 uij jiaJ 1 CJ_>tJ ^JwoJJLw-woJ I ^3 Aj>- 1 y>tJ_~o I yiOy ^ JJ I j 
J(oJ_g- lyLoilj O^iljJLoJl L*_>-yJyL$CjJl A-Lz-^a I y) A_X_3 yLo-J I J 4_J Lj>«J I 

(2005 -kUl iy^LJl) (5-5) JiLlJl JLj 

0 1 j L_Lou 4 UJ I JaijJ I j ^1 y>c JAa ^AJ Ju LiJ I 0 -A-<J I ^Jg LjLg- 'y I 

jl) J_^lj 2004 j 1 994j 1984 olyj^JJ cJ_al^Jl 

y^Jl JA .(L^UJI Uy]U 35 jl L5^yl Uy!U 42 ^jL, (Bbl 
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.2004 - 1984 JjUil c-JuJI JaiJI J> L^l : (5-5) JSdiJI 

.BP Statistical Review of World Energy (June 2005) : y oUL> : jJUadl 

^ j t L>- Id J j*£ V! Ljt^ M I jl ul 

^_P j}\ OjZJi) I ojjs cJ^->- £W>lj Jlp L/2J jJ c 

. ^ dS* t 2) *5^ g t ^ o Jj 1 Li I ^<3 1 jj ji dJJ 5 0 1 


lct>- t>\J ^2S*( aj ^ > d (IEA, 2005) (1—5) 0"~° 

OLtVl t2000 f u ^ aJlJI s JjliJl 

. (mmBbls) J^l^-Jl LAjIj i(Mtoe) ^LSdJl kijJ I 


ig-tfjJ I ^_1? Ljt^- 1 old” i I j Uj-dll 

(10 12 ) OjJu^i j JoUJl 

^ jj 4»J_P jlz^+^a Ja_4jJ 1 ^1? I J I AJi>- ( ^5s-o_> l Lo j_Aj ( JwwO j-} 
^oJL*Jl ^jJu ^^Jlp 1? +*j S 1 4 Ja. I j-j 

Ja-^jV I 1 <L^Ja_L» <_£jJ ^%-P jJ I ^J-P . Ja-tfjJl ^j_>3 d-w^-o-J I 

<u>Ja^wo ^3 aIp U Lgjl t bjJ^a LwP lw? li?LL> j L™o ^J.3 olSw ^.-Lp 


.4^oJl*Jl Jgi J 1 1 j-wo 1 ^1 p c (OPEC) JaiJJ ojJ>v 2 ^)J! <Jj_xJl 
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JuUlt c-iJl ^UJI : (1-5) J>uJl 

2000 ^Ip ^ JL~Jl jUJlj JaaJl ^ja 



^slSsP Jaij jj-L> 

aJj jJl 

LJLy 1 

10040 

1235 


4150 

529 


29500 

3892 

LJ 

22500 

3000 


10777 

1466 

jj^-T 

76967 

10122 


A~J Lo^J 1 IS” 1 

6402 

779 

IxS 

28260 

3858 

*Li -iJtLJ 1 

29671 

3728 

o-bxjJl C-iLV 

1417 

208 

jj^-T 

65750 

8573 


A*^>cJ 1 IS” 1 

3054 

429 

^jSl 

8415 

1172 

Ju'jJl 

76785 

11048 


5115 

721 

jjj^i 

93369 

13370 


LJ 

35085 

4793 

ur ^ 1 

4799 

645 

x^JI 

5203 

707 

L«~-j j jJ 1 

5417 

742 

ij 1 jlS^ 


c* 
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3900 

513 

LjJL 

5832 

783 


60236 

8183 



48573 

6654 

j. 

1 1669 

1510 

ZHJS 

5003 

665 

1 OsXo-oJ 1 

5058 

666 

jj^-T 

70303 

9495 


Ji-J V 1 ^ ^ 

93100 

12667 

*U1 

1 12500 

15141 

Ji 

96500 

13310 

Co/]l 

263500 

35983 


98100 

12915 

oljUVl 

16553 

2226 


680253 

92242 


jj9? ~ ULSjl 

3848 

445 

LJI jiJ 

439 

57 

jjj^i 

4287 

502 

Ja^s»t<JI — LiUjI 

1051165 

142487 

^Ul JUVI 




. j*£> A.Jg.A'.J ' j y>* ,,&] I j (JbsjJl ^iaLXs»-l <j| — 

jLi-Uj ^»UJl Ja.A‘J I ^j| ^J.^1 Ja^v jl>» JJyp ^J_^j I jJLi oCUl — 

.JlL J5 JJ vJL cjlydl JLp J1 131 

. (IEA) UJU11 4iUaJI ijJUoJI 
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.1999 Jjtfll c_iJI ^_kJl jUil J> L^l : (6-5) JSL4I 

BP Statistical Review of World Energy (June : Jl oLL-> L _ s J_a : jJLms-«JI 
2005). 


Lo_S* c . . Is 1 ' jLkJl Lj Lo Lp jj 4_^_j L*iw^ 5 j 

^JUI t (British Petroleum, 2005) (6-5) JSLlJl <uj_a>l4wo 


oUjJ IjL, Jjliil C*JUJI jUJl Je L^l JLj 

♦JLla (.ciJJJLS' .2004 j 1994 1 1984 oly U ^5LJl jLl.^1 


j_2L*J 1 Lete>- ^ I Loj>4 ^ iLojl 

^Jl \s ,*j hf I (j J-4JJ oj—ojojl e j la — 1 1 J^SvJ j . oJL* 

===** 

|jj>- Oj^SsJl iw^vO ^X^jg] I jUJl 4-SU- ^ Coilal j»UJl Jgj J 1 

C b^j^l ^1? L-Jlg*- I l l^JJ ^3 

L> jjjl ^3 jLxJJ 4_x3 jJLoJ 1 <-J j2>\ Lw^ojj d)l Lo-j 

^Jjjj 9 (^wolJl <da^» I jj jUJl ^JJL (1)1 L>JJ t <Lu j-iJ I 

L^. jj jU t(LNG) jl t (J LwwoJ 1 ^x-wJaJ I j LiJJ <la_^lj_j 


AjjLLoJL) ^x^JaJ 1 jUJJ j^SS\ 3 j J-oJ 1 (1)1 ^3 jJLoJ 1 

. Ajj I blSvJ (1)1 ^_p 1 ^1 p C J V 1 
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.BP Statistical Review of World Energy (June 2005) : 


J^a 4_*_1_P j LxJ I j Ja-tfjJ 1 lJLo_pI ^JJa3 jl 

1 Jj>- *W2 j ^>- Cj IS" i oJl&j c l*J 1 43 Uaj I O IS" ^j»a Lwwv*U 0 

^ ^JL > j . Aj ' iw^DaJ 1 ^_^a L> ^ L>_p I ^«Lp 

(_£ j 1 jjJ 1 ^J-P o J_j J_>- j3 L/2-a »^_3 LL_SL_~o i ^Jl 0-2L>tJ 1 1 jJg 

Jjjj ol aS* JS* (J j L>o j .o3j^>- j_oJ 1 L^J jJL>- jL*Jl j Jg.i/J 1 ^bol 

Lg_l? IJL ^1 p Ja3 l>o (jl ^^Ip Sj^U o L^JLJgL2j>-l 
^3 Lg_^-Lo| ^J_p ( _^-^L*Jl kw-JJgJl Jws j>- c j^oJwU ( JjLaJ1 

<. J L^vJ>- l^jJb Cj IS" jLL) I o J_& 1.^3 v, ,3 I y 1 AjLjJaJ b • j L -T_4-**_1-rt- i >3 I 

LgjjJ^>c^3 L<>»~JL> 4J^ 4_> L^_j ^3 (R/P) H^Lu^M ^3 1 L ^i?L23>- V yi 4^»^J)) 

J^-3 {jA -U/?j ^L> . (_£jJwv*J I ^La^M ^Lp 11 vJUJLoJ 1 

J-v^j ^J-P Lv2jI Jg3 U*o l^Jg^aj l £ */? I ^P ^ Cj 15 jLL 1 ^woj>- 

. L_~L LL 1 ^_£jjJJla yjJc] c«~£J j ^Luj J^a Lv<L Ip ^J-v2_>tj La ^wo3>- 

(R/P) ^™jJI oULo (9-5) ^1 (7-5) ^ JliLsVl 

(British Petroleum, 4^JLkj^Jl ki-Jl LL ^'j_, L*_*^a L_<JIp 

(R/P) 4_^vjJ I jl I j j L*J I j Jg-tfjJ 1 4_»_~*jJ L 2005) 
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.1 


o 



Oh 

S' 


4 


•i 



.2004-1980 ^ JJI jUll J\ IL-Jl ^t3)fl J\ J> L^5M i_J 48-5) 

.BP Statistical Review of World Energy (June 2005) : oUU : jJUadl 


JiO (8-5 )j (7-5) J *iL* jUJJj. 

1980 (.Le ^ *_;! .2004 1980 fL^Jl 

^^.Lp <Lw<>JL*JI a™jJI oJLS” 

a ^JL> bj_ ^ i *_J Lo t I <J j3 ii_wv2_! Lj Ja-tfjJ 1 

owio j-wo Ja i i! 1 Ch^JLoJI oli LoU ^L>Jl ^Lo^M 

oLloUj c->LJL> a_^jJ I c-otajl J-ij .L«Lp <j j-Slp 

.jJL*Jl 4 _jL^_) JJ-P 45 I ^J>- (_£ I tOJjjJl (j jJL) I 

o_Xj l_P ( oLli _L> 1 ii ^ 1 l_5_^o t (R/P) <U_^vJ ^3 <oL>jJl o Sjb 

4,1 a-wo ! LwoJ Lp o^->5Jw<>J I (J ^JbxJ 1 j-> ^ - ^ 2j tJ b>-p 1^ ^ ^ I ! 

4-^-mJJL> jsS>- ^ 1 JJL*J 1 ^3 (R/P) ll 4-^-wb O-i-v^J ji J . JajgjJl Cj IS" 

^j_-_3 {jj* o J_*-4 jjj\jlj Cjj LJj I j (.40 ^Jlj_>- ^Jl Ja_£jJ 1 

Lg_> Ua LJLj 53 Lj dJ IS" ^_2J 1 oJ-A ^i_P (jl j oJ-P 4-sJajJj Cj IS" 
j-^Jl ^3 (R/P) _Jl 4-^-vJ d)j .(_£ 1-Lg_) 4-wwjJl ^)-P J^3 L>o 
L iJwo 1 80 ji ^a tja>L>«Jl Jai-JJ jwL*/ 2 -x>Jl ojLjLpLj c Ja«^_j ^ 1 

LjjjIj (J Lo-Jo ^3 Ja-S-U 450-gJLvw4)J 1 4-^vwO jJ 1 ^-1=3 \jwo-J I ^3 4-^wwjJ 1 

.jj£j 20 ^J*3 I LJ L>- ^A b-»!j 
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a^oJ L> (R/P) ll a^_> oUL (8-5) I 

A>*_oJlj A^>- jjJ 1 ^3 LL>«^> J LJIp AjLOo . ^*-w-laJ ' j LiJ 1 

j_<J iiLjfcj t ^OSL j <^4^1 (R/P) — !l a_--~J jl ^p^Jl ^^Lp i ki.Jl 

. Ja-tfjJ 1 A_^*jJ L> j-^jJ L) AjjULo ^j_> j~>- V I (_£wLo ^J_P 


3l_>3jl to ^JLdJl oOA (J *}L>- jLiJl (J Lo*-*JOi 1 ^3 S* 3l_>3jl iilOA 

1984 a Lp o OOoJ I o^xiJ I (J ^k>- AJOJ I ^3 75 jLiJl 
?-L)j_^5sJl OJ jjJ O-a 0 >tJO 1 0 j_A SJuljJl jLiJl A_^o_S* ^Ja.x^o (1)} .2004 

0-l-J>- ^_lJ 1 t Oj-kS A_^_S* — SjIj oJ j_j O l_lij>c_>3 A-ia,.wo I j_j 

o_L)_LP a!j_>-I ^3 (_£ j_>c_>cJ! ^_>tjjJ 1 ^J_P ( Jwo_x_j 1 O L)g->c_oJ I 

I jl*Jl ooJL> (R/P) U 00 JI cj IS* Jiij .^JUJl 

L,Q 1 i jOS" Oj3-Ll>- 1 JgJ I j Lg_LSU t2002 ^Lp ^3 Lo^jiJ 70 (_£jLo 
oOA (j| . \sJcS I L> ( Jws^2j>- U5 I A^iaO 

Lgj^U t280 I jj>- t -L-wo jV I a_^*jJ L> io>- a_JLp a>^oJ 1 

Aj 1 ^3 jL*Ji ^^Lp J 1 v— JllaJ I j-^5* 

<la_^o 1 JaoJ 1 ^JJL j) ^ 4 jjUL>JLj A_Lj yk> CjLsL-m^s jL*Jl ^JJL 

^1 t_^_oL)l J 2J>- A_k_~ol J_J jLiJl ^JJL L)i ^3 di-slJ I ii IjwA .jL>s_Jl 
3 jJLxJ 1 ^3 OljJo <-3 j_^a> t(LNG) cj Lv*w« ^i_p tjL>s-Jl aJ^-^q I j_i 
3jJ>-j^>Jl ^CsJaJl jliJJ io>- j^-5sJl c ^i?LsIP- V yi ^ L^JLLoJ I ^Ju ^ v^' 

. LL ^3 1 j jV I (_2j2LSl ^3 


<U>oLJi A^U-aJI ojLa^iIj ^3C-JaJ ' jLiJl ^Lp JjljHoJi ^JJa.) 1 ^3 1 

j3Lv2^o jj jkzJ ^3 3wLpx_La j>L>JLA! ^J| o j^>~ ^ 1 C3 1 j3-wvJ 1 ^3 »2JJ3 

aaJ^ oLiwoj (Tight Gas) ^^-SL>c»Ji jLiJl® cajJ— L ull j^p oljLiJl 

t>L*3 1 j SL^) w ^_Ssj>c-^J I j LiJ I )) o 12 j-^2 . (_£ jj>cj>cJ I ^_>c_aJ I 


4_;3 LjLj 


013 


O L^v^a 


) ^ »oJ LlJj 


j.lg.^1 1 03 oJji> oLoJ ii L_& oJ 1 j U . oUj oU j-^sj j I A A jo 
^^J-poJLS” oLOjIj 0_0-« t jLi-Jl |j_A ^1 jS>zJL+*»\-) 

^3 ^o>cjOw<)Jl jJaJl 0 LL 1 J a_^_j LOoJ 1 ?-LoJl ^5s_J jjO^Jl 
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.2003 g\zy\ J\ J> L^l :L~J : (9-5) 

.BP Statistical Review of World Energy (June 2003) : y* : jJi*adl 


(J wLi U5 c I aJLJ^ O \ s^a Lo I . o> j)Jg-oJ I Ja-A^J ! ^ 1 I A^wL^p 
I <j (J jLp j ^ 3 c >t — 

^ .^JbJl ^y^2Jl j ! ^3 ^lS*l ( Jww2>£u t^iij^ J j_~oJ t (_£ j^>cJ>cJ I 


t/ (*-$-* 1 Cri 1 * 0-* J 5 cp>. 

> 

o j_j-L>cJ 1 ^Lo^/ 1 oLj-aJ jj>cj J LoJL>- I jL*Ji 




2003 .U j^JJ (R/P) >~J (9-5) JiLtJl JL, 

1 ^ ) I Low) . 1 I 1^ L-^-J I i - - — •>£_] L^2j !> t0 ^L jJLJJ 

jLxJl j Ja-tfjJ L> aJjULo L-^vO A^>w s3 j_Ej Jlj Lo ^ jj>cj>cJ 1 

^j_o j_*S”l w\j>-j_> t <L_oL>- ( J^I LJ L j c ^x^Ja.1 1 


jl . aJ A^tiuJ I a_~*_o jJ 1 Ll^J I ^3 a5*>1^:^1 j ^ j^>cj>cJ! ^>*jijl ^Luj 

^jA jJi $C ^Lp I (_£ I ^j>ojiJ (R/P) L*J 1 J^ljwO ^.Ja.^0 ^jJ 

^_px_d_Jl ^_Lp a_p kwJJaJ I Lg__3 j_>Ijjlj c«j>- Lw*»! 1_Lp Lo c200 
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^3 U? sJl {S 

^Lp t200 ^Jl jj>- <J I jJ *y j_>cj>cJ I ^_px_a)J (R/P) <LwoJl_xJl a-w~jJI 

jJ>zJ>z . Jl ^S>zJL U oJ_JwL>- j3 U^2 J^-P ^Lwl_3 L-JLo iJljJfc (jl *-P jj I 

3 I 3 JJ (jl I .jL*Jlj Ig-i/J 1 ^j-p ^J^JL 4 J j ULa ^3^1 ^Lp 

1 l^lkj t200 (_£ j3 j~S ( J>5UXu ^J>caU Aw<U l*J I Aw**jJ I 

• I ^J^*Xo I ^3 

Jg- I jJl (j jjJl ^9 ^>J l*J I A3 UaJ I (j jy>^o j) I I iJjk ^3 LjIj 

4i^oJ I ^3 80 I jj>- Ao-^2j jjJ3s>- j/ 1 3j3jJl o ^Ja^o j^S^j Jlj 

3 j_3 jJ I JaJ- j 1 . ^<>JL*Jl AilJgJl (jjjg>c^a L*_>4 ^jja 

LjULjl^I JU-^i dJj ^ JJJj ^iSl ^ vi->- IjLi^l 

^JJjJJ 3 j3 j_S” A-a I I jLSjjl ^j-vwoj ^SUXu dLU 3 j_*_jj t A3 UaJJ 
JaJjJ I oU>c_LLa /^_)J_>cJ Lg_> /^_S\_^_j ^U I aJ I j (.oljLwwwJl Juj^J 




aJ. 


IjJu,^.* .^*wJ ig-AiJ I jli cLUJ-S* . L^J-aj j j-SUU I 
3 j3 jJ I j3U/aa £^J>zj AjjlJLa (.40 I y>- C I ^Jl Ul>- I A^-vJ 

jj-J (jl ^j-^-j (R/P) 40 A™Jl jl ^ ^_p^JI J-p'j •iSjj j3j ^ s ^ I 

(_U IJaJ I ^3 ^>JL-~w<Ul 3L>3 j^I (j Lj cil-sXj I J^a f- 2i 1-LA l *}l_x_3 A_Ul_P 

0 J_) J_>- j^LvS^o jj jJgj J 3U>ol ^3 oJ_>ljJLoJl Aj j_x_v^J I ^a t A3 UaJ I ^J_P 

A3 UaJJ aJ_j J_> j3 U^ 2 -fl jj jJaJ Aj>-L>UI c_3 j_~o t a L>cJ I JaijJJ 

.JIUI (j I (j jjJ I |J_& ^a+zZ'^+A oUxjlj 


^oJlxJl — t w J Ja Jl jjl .3 .5 

^xJ -^0 bo (jljjljJLo A3 UaJ I ^Lp (wUJaj I (j| 

^j^A>zj .^3Lv2l3l ^ Uaj ^1 ^3 U5 A^oJ l*J I (^lj^*<j/l ^3 (^w^U« 
oUjjg^c^a c^olS* IS| ^Uaj jl ^L-l (jUg-jfl .^y 3 -* j Uli^ 

j3 1 jSJ |j| A^JUJl ojL>tjJl j^_P jl c oLli LUj>^ SjJI^JLo AsUaJl 
3 j_3 jU I ^j-^ 3 A^_!a_*_>5 A-3 LlaJ Lj 3jJ_lJl jJ. «/?.a (jl U-J I j Lo-S” .LUj>t-fl 
L>c_«_>c_s^ UJJ 3 j^ixjj . ^J LU I (J ^>- j Uwjo ^-p ^ ^ lSj ^ I 
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1999 JaiJI : (10-5) JSLiJI 

Survey of Energy Resources iillaJl Lw- oULo uS lc : jJUa^JI 

Report 2001. 


^ jis\ LijJJ tijJl fUJl JaJjJl JL JL L. 

JjIjj .iJEa ^JEJEj tidllaJl 1 cJj 

l A_~*wo jJl ^Eu^l 1 J^l? LwO Jai-l) 1 oLwo-S” ( Jww>- ( JEE 

EJLjJI \SjJ<£ jtL* Jl cJa^jSM JyJlS’ 


(World Energy Council, 2005) (10-5) J^ClJl . L_~J j L 


^3 ,1 jail! 1 ^EjI_j c I ^3 O El? ^ 1 c JaiJ 1 il 1 ^jA 

<^>£ 2) I ^jA j}\ ^Lp .1999 ^ Ip ^Jl*Jl A^vs^jjJl j^EE^Jl 

aJLoELSI \S j*a \ ^3 4-w^o^Jl il 'y I J^l?lla ^3 JaiJ I ^jA 0 J~S> £ bo | 




4_*_o_S\J 1 oJ-A jli l L-w-l $ C 


J HJJJ'J 



^^a ^Jl*Jl Jai- JJ 

i^_lJa_) ^EJC j t Lws_~*J ^J-E_3 o LSE^* ^wLx_> 

Jjd?E«a 4_iJaLoJ 1 oE_A Jai-J I ^JJLj jJJEJ L Jai-Jl ^Jp 

^3 I Jaij <Cwo^S* 15 j^a I <~J >-j EJL j3 I cilJES* . A»^vwO j] 1 iJ *y 1 
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^A ^JbJbj c L^vj ^/2A>«J-a Lg_>3 <—3JaJ I j L Jao j V 1 j-*^J 1 j^a 

.^-5^1 i]*>V^i^ v yi jJ^La ^Jl Ja3JJ <u ^a o^jj>3 loal 


^jjLjlII ij_>- ^w>! j ^JbL*Xo j ^ Ja j (10-5) 1 ^j^l>zjl> jj tap 

^3 U? y+^Z S>~ L~^o jJ 1 3 3 L^Lo 3/ 1 J^L^a ^3 Ij JaLJ 1 ^ Lo | 

LjjjI ^ ^Lj)M ^ jjljJl uT .Ljj \SjJ\ jLJi 


-La ^ 1 Oj.«.+/?.i 3 L>- dLb Oj^j 3! £3 ^o3 1 ^j-a J^S3 to3jil j_£3 

Ljjjl <jlj c 4 A >cJwa *}Lx3 ^_A ^Lo)M O V 

. 03jyL*~~<i*} I JaiJl d-’ Lw^S” ^lp ^S* I ^LgJP^Ll Lo ^ 3 ^Jav2j »«_3 ^-~a 

jU t ^JbJJ A_^vwOjJl ij ^ 1 J^l-La ^3 j>^5sJ I 3jlj3l ^-\P 

3 1 ^Jp < U-^ J5 JjL 5 Lw3 1 oJ_A Oj jj J^a ljj>- 1 j~~> I *j->- 

bU jA c ^^wvi? ( JbLjo ^^iaj Jlj^Jl J JjJ^ba 3^° 1 

^-»4j J^LJl oL-A ^3 ^/£A>cJa ol Jai3 1 ^ip o3JaLl ^jbLo 31 
o333l 31 j-Lo *-3wsj>- c yjs-xj jJLS* I J^^jl-ALa O J Jj>s-3 1 j o3J3 1 
j_P 3 j-j 3 Lo2-L3 3/ 1 ojP-Aj La j_Aj I 3 j3 jJ 'j ^ 

{£5ji lj 3pI I y^ 31 {£\ <-~-~Jl jA t (Price Inelastic) ^dy> 

^a t *)Lla t 4j I ^Xxj dLb .3j3jJl ^lp C-3JaJl ^3 |jj>- ( j3-3 ^j| 

^3 1 j-JlS” 3J-b yj-i oi CJ I j Lww 3 1 3 j3j ( _ 5 -Lp (^-bpl ^ ^ j-^ 

yj>^>- ^3 jl to!jL_~JL> ( j-aLJl L^-xJaAj ^3 1 olib^w<>Jl 


’Jb- 


<Lsj>- LJ 1 0 j_A .^j_3jJl 3 3L^jLwa I ( _ 5 -Lp JLJbj t L^_j ^3 1 

jA J^3l ^ji j j 3 } ‘3^^ ^jjj^ ^ L^3a>- 3La 

31 /♦- p jJl l _53p- .Sj^juJI oL'y jJl ^3 0 c-A^-sJ 5 

S^LaS” jiib I ^Jl3Lj t 3 j33 31 ^y.jjj^ I oljL^Jl 

3li3l oljLwJl ^ *>LJi li^b>-l 3Lw& 3b t^jijJl ^31 3 ^jJL 

Ljjjl ^_3 A_L^< ^J-S" 4_P J_ la_A<3l 3 Lwa ^ 1 3w\_P ^3 jl L y^LS>TL^S) (J33 

. 0 j^>sli 3 I oLV jJ 1 ^a 3i j I aJ L 


3 yj>- <l>- Lo! j (_r*rrr^' 


}UJI ij^JL-ol (11-5) JPJUI 
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Survey of Energy Resources iillaJl oULj 1 _ s lc : jJUa_«JI 

Report 2001. 


(World Energy (Bcf) j\ tA_Ji_SCJl aIjlSVI oIjL-L^j 

jjLkJ ill la aJL>J1 oJla aJI aJ^^LJI .Council, 2005) 

t 1 aJ L>o AjjIJL® Ij 2i ^ 1 ^j-o (— > j2> \ 

<J <Lp jjJl® jLiJl oUjJ^>c^3 <jl t L® ^Jl 

oliL^J jLiJl ( JJL -Lw^j wb>- L.s,2>-_) ' c L*J 1 

jL*JL> JjIjj ^JLJLj .jL>c-Jl a. J a-w» ' j-j ^1 

Lw<>-S” 1)1 J^® ^_P 1 ^J»P ^ LLosJ I ( j^-o iaJL? ^x-wJaJ ' 

I ^ ^ ^+***+j ^ c (L<!^J(j) <_J L^**»® j Lp ^ ^ 1-p I ^^p ® 

.JjLJI ^Jli j_~Jl <Jj3 <lr°J l-dL^il <lr° j L*J I -\->Ijjl® 

ii ^CgjLwo I Ijw® ^3 jL*Jl oL)jjj>c_^ ^_Lp 2aJ<-^J I ^l^jl Lo_LS*j 

^j-«-yg-l 1 ^JJL® Lwwol ^3 A_P 4_w®ljJl J jjJl ^3 Lyg J.. ■./?■>- t A_wv-o jJ 1 

^_1_p jLj>t_J! j-^-p jL*2l ^J_aj <_5^ I-e > lj-> -LaLJLj <1)1 ^ 3 ^jl> t -A « ^ llj 
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1999 - o-£Jj : (12-5) JSLiJI 

Survey of Energy Resources :2_oJUJl iillaJl oULo t : jJUa-JI 

Report 2001. 


Lvaji cli-ta 0 j^sj Ol 1 . (LNG) <J Lw« jIp j£o 

j^a j^Lv2-x>Jl ^1 p Lo ^15* ( J.52ou Xo-ixJ 1 ob^-Jl ^ 

^-ojl jUJL (JwLjl^vw) ol hJd} <. I 3 j3 jJ I 

•c 5 j^" ^ l^s Oj 5 \j O iLJaj ^3 


^J^_Oo Ojl j-Oa Lv2_jI Aj>- L o b (_£ jJ>cJ>J I ^-Px_dJ I ii ^-gJLwX I o} 
(World Energy (12-5) J^SLlJl j-L-* j_& L^5 Gjl>- 
J^LLj jilyo> ^JJl ol ^1 dJJi ^j_jo .Council - 2005) 

^J>zJiS I o L .^-1 I j tjLiJlj Ja-tfjJ I J^a j^sSsj jlS I LxJ I (J Jj>- ^wolj 

<JOliL~w 0 4>LjL Oj^j L« LJl_Pj l Lww^vU 3 ji>J J-^ iS J S T Z - >X ^^ 

^buVl Ojl^ij ^JL*Jl Loa ^-.1 a.x» ^3 c l0-5Ciij .^^Ls^joI 

4_^-vjJ L) ^j-wO j J C 4 _*J_P I £^a ^ jj>cj>cJ I ^>olJ I ^yo I 


4 _o Lj j_^_ 5 sJ I A _3 UaJ I CjLbOOa 4 _jO_x_lJ 


r 


^jl^-Jl ^->olJI ^i 
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yj Jjl yi\ j»Ap y* y 2 -^ 


.iiljjfcj .3^ I j ' ^ 

o j L> ojijjJl ^~L£- 4 _j j-^vJ ^*jo j . Lwwol j aj>-Lo| j ^_>sjjJ 1 

LJL ^3 1 3l ^i_P ^LoJLP^yij C wL^-j Jj>- ^Jl bwoJ 1 oj-A ^3 

^ .LJljjL^I ^ yL^-^Lj c(LJLJjl) ^l^Jl Ja^^Jl jy>- yj 
S ^J^Ss-JLj <j j Jj>c-oJ I j 1 y-> <jjl j-xJ 1 ^-Lp 3j_*_> ^ ^ jjj^ 

<L_L>c_^ ^j>- IjwO ya y y>zs>z}} I i ^1 jj>cJL^ 'y A-J L*J I 1 

(jl_\-L> yo y jj>cj> tJ 1 ^_>c_dJJ Lww^vu 1 4 jl 1_S\J I j t^^j'yi 0->o 

i^-UaJl ^Jl ^pwoj d)ji I 3 ^_*_*3 l Lw^a>I ^3 L« I .4_*j>-jl_>- 

^ ljJL« .LJLxa Aj>-^j d^j>- c y***/5.] 1 ^y I Ij JUJI 

^~vsjj l e- L u*^- ! ' ^Lo^/ ^jL>t-Jl I ^Jl <u_~jJ L> 3 

.lJl^Lw*l L^vmJ 0 j^/2Jl] I AiLwwoJi 


^-1 J**JI 
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j-lL _ 6 


jliJlj iaiJll .1 .6 

j^sl S -Ll*.*/? aj I jjt t^jjLwwJi ( J^3ji}\ ^3 oUjaLJo Lo <1)1 

^JuJjiJl 3 jJL*J I ^lo ^J-JiaJI L c ) jyi^ s i\ ^ ji jJ I 

I j_osj Lv^ j-v2j>- I?A*J ' ^lp <.^4>L>- t I ^3*)L> <-3 j_^> . 4_o ^ 1 

4*J-xjjLJ 1 <tww*jJ 1 ^)p (1)1 i— 1 ‘*-3 J-^J t I Lj^*» 

4^>-L>- wb>- jj IaSL& .40 A^JL) 1 <J jj>- (R/P) ^Lu^M ^^Lap*-*}\J 

i)jy>z~a 3 j3 jJJ <jJ_4aj j_P j I C o J_) Jj>- j3 l_v2^5 

OjiJl <dU-j ^ Ai ^Li>o d) I I ^j>s . ^ _l4alJ 1 UJ I LlaJ 1 

^^>9 5 J^T 1 ^Ljk j3 1 jJo La JJp 4^3^! ^Jp I J ^UJl 

k^JJaj I ^.Ja.^0 ‘LilS” oLw^Ssj Aa 1 AA^oJ 1 jl to3A>A>Jl ^Jj^i AillaJi 

oA) A>cJ 1 j^Lv2-x>Jl 0 AA i < JjiJ 1 ^Jj>- ^ 1 ^j3 . 43 U 2 JI ^Jp 

0 ! JaAdJ I (J La^ ^P LwygJ I JaAdJ ! jS>zS^i ! ^Aj>- I 3 ^3 ^-Li 

1 L*J 1 oAj AP e- 1 Jj>- I ^3 o3 jj>- j_x>J 1 4_Ja_^jJ I j j^>t -■>/?.! I O L*_~o jJ j 

43 J j_x_oJ I 4_l_x>_^JAvw<>J I j^S* ^_>caJ I O UL_L? ^x.A^-Ia-1 ' jL*Jl ^1 ^>eJA*lj 
LA o I 4Aj j]zj ^ I 3j3jJl ^lA>edA*4 <1)1 4 JLJ 2 d) LAoA 

^>sJjJ I Ojj^c-a (J J-V? jJ L (JjJfiJ (1)1 ^A t A^X-Jl (_£Ax>Jl ^Jp 

^j>saJ 1 )) o Laa 0 U>_^vwoJ I cj LaaJ 1 ^ I wL^xjAa Li 1 LxJ 1 ^ js>zj>*^ 1 

J I 0 1 (1) La^>J I 1^ AA ^3 l-v^.-a (J ^ L J ^ ® I 

y>zs>iLj (1) jjjSLlI c-aJ^Ij (1)1 oLoj .4 jLw<j^J| olk^^Jl ^3 1aA>-I jj 

^jA ( m £j>^->- j3 jA tW(l)jjj5L]i ^<>-v 1 t A^y>zjj C0 2 J Ip 

^IA^xJAoLj j-^JAvO (1)1 ^yo Ia JJP C 4_) 3 L^2-X3 *y 1 j 4 AaJ I 4_^j>-LJl 
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|j-A ^3 i) jJl}\ ^Jl -L> ^J-SkXo <_£ j ^ I 3 j_3 jJ I 

^3 L^-o-1 1 o j_A ^ ^JgjJ kk I I Lv 2JL>- L ^jg ^_xj t *k | ^J— ^ 

3 ji jJJ Aj jkgll 1 j^P jl o Jj Jj>cJ 1 

kkJ 1 J A- Jgk’J I (J La jJ I ^jjs ( Jk A^_>c_v^ j^Ls^a IjjS* kLU-k 

. L> I (J k-Ja ^3 LSka Li lj I A Jlkja ^3 ( Jks>Ja 0 J-S” jj>J l C ^JwJLJ ^ 
AkkJl oJla JUj J y>zi>z^]\ (Bitumen) jUJJ ^jl^Jl j_Ugkl jJi j 


.(AEUB) jil^Jlj Ai IkU L>SI 


^-~_U>c_a A-k~a 


'JH 


, Ux?- < 


U5 . jkjlk I kk) I J^a jJ 0 j_k> jJ 2 . 5 I jJ>eJ ^3 15k Aj I ^ip 

^3 ^J>eJL~a I l) li t A_Jgj2jJ I O k_~a 1 ^-k*-a ^a (J L>J 1 


oJ_& 


k~_~ajps OjJ_3 JjjJ . <L _L3j Aj 3 I_v2_l3 1 jJ_>- k 0j-k_> ^jJ j3 Uj2-jk 1 

C ^g-P Ljyg J i j»LLJ| kk-l 1 ^J_a .J^^a ^j jU_La 315 I jJ>- o I (AEUB) 

^1 jS>zZ^» IS i)j£j (j! L Aj 3 O-s^-oJ I gUlg-*}\J jLwwa 

A_gJ—*/2_>3 w« j-) j l_Jwa 175 I y^*~ J— >■ ^_j ^)3 Lj2-jJ I 0 J_& ^_js . I j-^>~ I 

. a_J U>J I ^Lu y I l? j k A_jg_w» I j_j ^1 jj>zSL^j ^LS Jj Ik! I o-JLk I ^^k Ljl>- L 
JgJjJJ O-JLoJl ( ^JgLjLg-'yi ^3 o3L>j kJJS jikj 

A»^oJL*Jl A3 UgJ I ‘L-a-oJ^ Ak~a \ jj LJL>- jji Jlj C kk Ip Ijil^La 0 j5k^> 
J^a kJj>- ^3 jkJl jl 1 kiJl y>*^~ ^y^2J>zj . ( Jw^a^j (j y I jj>cj 

^3 I j-^5* L> J_>o Li. oyJ 1 C ^j. Jg.l \ J ?-L>Jlj 1 

1 (J ^>l>- L jj jkl! 1 J I (JU>_p| CJ3 I Ji j . A_^g 1 A_k<*-£- 

JjLgJl jwLyg-oJ 1 I k& ( J^-jkk> s«a ^k t 0^sg»“ ^ 1 A^ai 

La L>- Lktfj oJ_P A^>->t_vg oLsUwa LJ L>- LwygJ 1 j»UJl kkJ 1 ^j-a 

0 j-^5” ok-a^j j^fl iik&J clSkaLlj'yi A^gLa J^a k! Ip ©3 jJ>- U Lp Iwg 
. k Jwka kkkJ aL>- ^ a ^3 jl j^Js">cS 1 ^k ^3 La| ol^JwkJ 

^pkvgJl ^ IkJ I kiJ 1 ^{j>zJL~* *)! kwb>tl^vwgJ I 0 j5w>J I AJL jjgJ | (j| 

oLkkJJ ^1 jJ>zS^j I ^a 1 J_o A^j>r-*,<gJ \ Aj JJ_kl 1 A. Jg.kl 1 jLajJl oLkk ^jjs 

^ likaLU^I ikka ^ o3jj>-j-kl I JLgf- (Open-Cast) k>rk« J 1 

t>k>cJLwa 'y | oL^Jwa j UJI Aj jJL>c_k I (J La jJ 1 ^JJLj 5j J_xj .ljj-Jl (J Lo-Ja 
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0^wb*sj3 OwLP 


(J j_>o LL>- ^ j 4 j L>- £• La ^a j]\ ^j_P jljjJl ^J-v 2 j 2 j L <Lo 1 

. JaijJ I o l & +<a a 4JL0 j\ ( J_-3 oL^JwO ^pLw? j»L>- JaiJ 

^Jw£ jJ I j Lsj 1 ^yz aXx>J 1 ^3 7 5 I js>- I 0 Sj& (J t>L>- 

JL=jJ| ^ J4 ijr* iaiJl ^ J^j-! j*-^ ij 

cj Ls j]\ wo)) o_) LS” dJJjJ oLslJwa tjj^ 4 . j '. I ' 

(jjJl (Suncor Energy) aIs^Ijj j'Jl jJLij ^jJl aj-uS^JI A.Jai:J 1 

** y. 

4_o IjJ 1 0 I ^ I 4_JwO-*_> £_olj 1967 ^ Lp ^3 4^>-LlL3I 

.1978 j»Ip ^ (Syncrude Consortium) .aU* Jl <Jg.^» Ij_j 

V I d^_>c_) ^_o_P I dJ ^_3 I ^ 1 _aJ 1 Lj 

^>1 (j jtj-^ ^ c c5j-^ cy 3 1 

v 4j j-v2j ® aJLj 43 j 1 L 4ia_^^vwJ I ^j_o j_o V I 4_jJL> L^JwOwv^ J^a C L>x_^J^ 

i j r ^j3j I jZj <^jsJ i g - q ^*jl> I (SAGD) WjI>b-JIj -LpLv^>JI 4_o3L>cJl 
C 1 4_dajLJ I (J La jJ 1 4JLJ2 L j3 |jj>-lj t^j_ojljJCa 

(_£jJl C 4. JajLJ i jLa^Jl 4^-Ji? ^3 I <-J j^j 'y 1 J^a jL>c_Jl ^ JL>- ^Ju 

4_o3 L>tJ 1 4Ja.^o ' j_j 4jL) j-s/pJ ^Jo ^5LJ 4^- jjJ L^2jL>c-a jljjJl 

^^SLJ 1 0 LlJ^a ^j|_ j UJI ^_v2j jjwLxj ^_LL~J I v i j^j V 1 

L-x_^-J^ 03wb*uJ ^ w ^“ J-^ ^ L>- \sJLi 4_Lj jj>o ^Jo 

^[>- j t (Cycle Steam Stimulation) (CSS) jLlJI ojj3 yj^ L^a 
J*>1_>- .(Vapor Recovery Extraction - VAPEX) 

4j J_U_4j 4-0 4-JajgjJ 1 (jLa^Jl ^3 ^jl jL>c_Jl J^JL>o C (CSS) 

> 

( Jw2J3j I J3 jLaII ^s4?J 1 OJJ J_J oj»A J Ojj-i (J *^L^ 

^JL^J L^JU t (VAPEX) ^U-p Lai .iiLJl SjjjJl J^^JI ^ 

4*J_<j^P Lg_x_Co ^Jwa I ( J^P jLill ^Jws^2ji] jLLJl J^a 'y J_) Ljla o3 La 

.(CSS) 4^_L>»P ^3 4^3 I clilll 4 Aj L>^a 


-> L^CowP ^_j 


Lp j^Ca CJ LwL>_P 4j>o 

^iSl oLL>-*J 



Cr 0 J 5, r 1 
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l LgJ 0_L>~\_>- oLL^ l_v2_) I ijLwAj l ^J-v2->0 

^bul ^j>s aXoJI ^3 30 ji o V I ( JJLcl> AJaj&J ' (J La j] 1 ^LLj L)j 
^3 y O j-J-o-j 4_Ja-iJ ' (J La jJJ ^JL>cJl ^LuV 1 j_\JL .(^jjS Jl \ajcS 1 
^Jjn t LgJ JaJajL^a j| <jVl f-LwJi A_*3L*/?j oLJLLa ^a j 4 Lo j2J ^ j_J 1 

^3 J SJL) ^\Sj\ ^yi AJL<jJ| ^3 60 ^jjs jjLS*l ^LuVl Jl £3 jJCoJ I 

^Luj ^a Ajj3 I JLa A^JCo Lw^a Jj>- jj ^JgJ L .2010 ^ l»P JJ-P l_US” 4_3 
j\ <ZJ L UJ I ^ys\s>xZ^ I L^J^a C ^*-^0 1^ ^Lp L-s^J 1 ^ L>J I laid 1 
jLxJlj *LoJl J^a 5 oLoi” ^lwL>«JLwolj 1 ^Jwa ^Jl J^3Jj 
ojl jj>cJ I j jL>*_Jl _lJ jjL ^*-wJaJ i jLiJl LJ L>- ^j^xJl^vo . a_J_<>_*JI ^3 
^3 * LJ I ^ t <LJwJaJ I 3 1 ^-oL 1^ ^J^a I j LJ 1 ( ^_co I 

^Jw^a^j £-LLV Aj jLp c_ 5 ^^ A3 UaJ I (j| . 1 aJ^P 

J^a A^oJl ^3 20 — 10 3jwb>cj ^A C ^ L>J I C3 jJ I ^3 ^lajld I jLJl ^j-a 

^J_P t^lLl.} -LgJL^_)J t^jLJl ^_P U-vsJ I ^L>Jl Ja-4jJ 1 ^3 A3 II 2 J I (_£ jJL>t-a 
j_) j-LjJ ' wLs_3 0 J_j J_>- jJ 5 -ii lj_A j . A-^a J^> ^ JL~ wqJ 1 ^\ ^J^Vl A_JwO_P 

J-3 Lv 2 _)i JLwAj i A3 UaJ I ,^/ 2 _*jL>cjd jl L 

jl l ^>lLa .^!^> c JU^'y! A_^L<>-P ^3 A>a J_>cJL^w<>J I oLwoJl ^Jjjj S^LjJ 1 

80 ^j>s ^1 y>zZL~* S )l I ^3 ^Jj>iJUvwoJl jL>Jl ?-L>Jl ojl j>- Aj>-j 3 
<U_o^S” ^3 ^y2-*J2s>zJ oA^-lj 0 l_2jwa ^3 Aj j_La Aj>-j3 35 

c J Li! I ^ 3 ? I Jw*-> . Apxj LJ 1 CO 2 O Ij L*-o 1 j ^ J I ^x.^-la.! I j UJ 1 

( Jw<jJL5sj l _^^-! ! £3 j«a A_^LJLoJ I 4JwaJ 1 3lj_^Jlj ^Jwa 1 3l_*_> 


A JllzL* ^3 A«La Lp 4_ 


^oj C^L^Jwa ^_jj 1 


LJ L>- Jj>~ 


^ * 1 c 


VI r VU^I 


^j_o L^Jw<>J I L)| . Ij j_J I J L<>_Ji ^j3 LSL^>L>IjI ^j3 4-JaJjJ I J La j] I 
(Suncor oL^Jwa Lo_a <. L j L>cJ L^_g_L^_*xJj J>_ajLlj ^j_^J-!l a_oLJI j 

(. ^L^zi\ j»UJl \y Lajj y 200,000 ^1 y>- ^1 Energy) 

*» f, > (. 

^Jl js>- Lv 2 _>I ^^Jl (Syncrude Canada Operation) oL^-aj 


^LoVl 03 LjJ jJ>- ^ j_j ^a t Lwaj_» ( J 1 _wa 200,000 


i^LUV 


I A_JaJjJ I J La I L2 


LsXwa 


. Lwa J_> ^Jwwa 350,000 
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^1 LI (Shell Canada) aS jJ> aL-Ijj ojl-uJl 

150,000 <L^-S\Jl oJjk oLjJ <^hs>- t Lw « jj c ^Jwwo jj 65,000 
(Cold olj : 4 >eJ JJ<_LJ ^^Ll (Imperial Oil) iSyJ> I^w^-I j 
j»UJl Lojj cJ^° jd 100,000 ^Jwdjjj ^1 p I A^>-Lh ojJJL Lake) 
t*LL^M -Us Lj <J I^j *)I Lad o^UxUa (J y^\ oLLU i] L & j .^pL*a!l 

.^jjJalJl OjSwJl -LJai-uJl aL>- ^ 3 jl 


2001 ol^uJJ ^JuSLl Ll^JI ^Lh JL^I (1-6) JSLJl JL> 

.2015 ^ Lp ^jl>- ^Lo^^L) C^2_) ' A_Uwwa cj 1 j_Uj 2005 — 

<j j-wLo 2 . 6 <o L jj ^LdV 1 -LaJ o jzJi J I o jjt (J *}L>- aJ I aJzj>- *>L>J I 

c5 I 1 5 ^ Ip Lw« j_> ( ^J^wo jj <j j_L-« 3 . 6 j LJ L- Lw«j_> j-> t 

yA _L ) Lo jJ * Jl l-US* ^S ^-ULuJl j»UJl JaijJ I ^L4 c (J L- 

I j-A i—i.yg i 1 2001 Ip ^s h-ojj ji L 1 -25 1 

(Offshore) * Lj _LLiJl ^jL>- ^LU^M J-SLlJ *2015 j>Ip 
J^-_> t-owJl) ^_s Lw«j_j ( J^w0 j-i 250,000 I jj>- 1-LuS ^_s- U> ^Dl 

Ojji j .Ui-L ^5* I j-oUj <jl aJ £_s jjo ^ ^jSC t2005 j»Lp (^-vLL'yi 

A 3 U 2 JI AJU& A-Llwq 1 jj A-JajuJ 1 <JLojJ 1 ^pL*aJl ^»L>cJl Ig-i/J 1 ^Lii AjLS 


j vjJ Li (J-~° j-L-J o 1j^ j3 10 ^yo 1 jduJ (2005) aj-u5L 1 a_u_L 1 

A^w-uJ L Lo^i; Ij^j^ 25 Loc^L ^^y>- j-o3l oL-L>-*Jl 


CjL^Uv-o A^oJl*Jl Ja^ll ' j L*-*»l J j *^1 I 0 LI 0 P 

^»Ip ^s Lo j_aj Ij^j*^ 70 ^1 ca_U^jjL <u»J Ip 


Lr" 


aJIs t2005 


^O-J 1 1)1^ . ^ ( J>5Lui aj-u5sJ I aL^jiL 1 (J La jJ I ^jA 1 j_u_) o I ^uL 1 

toj-LLoJl AU-ajJl S yLa}\ J*>U- c L ^Isj*)! 1 ^^L>j>-j ^3 

Ijjfc J c A^JaAll 1 cJ L« 1 Ly?J 1 ^LJl JaiL I ^bu| LIS' 

I ^>eJ L L^ J 1 LiJ^ . A^P-cJa.— -1 1 ^ 1 jS>z^» *)I 1 CJ LL>P ^jA jJ& ^L)l 1 


c_s j 1 2 0 0 3 ^ Ip ^3 ^ J I ^ Lo^f 1 ^-Us 1 ^3 4 0 

^j-WaL 1 ^Jlxj A3 L/^^f L l aLj>^L 1 1 -US y*. a> ^0 LuJ 1 < 1 ) 1 

. 3j jU-v-L 1 JaLJ 1 ^1 p ^Suu -UuxJ 1 o-u>uL 1 oL)l jJl 
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.2015 fU J*. Jaiill £ks)f iU -,1 :(l- 6 ) JSLiJI 

— 2006 JaJjJu ^IjLiV I j 0 _^ ^■'-0-^ ^ 9 jj cAL ; Lo ^ 1 _P *>■" 

.2020 


.g_~ 2 L!l c < lJ & aJ I 


t A.Jaj^J I ( JLojJL U Ip jj 4 . 

^^3 t<twws»^Jl Aj j > c^aJ 1 ^3 oJ^>c^>c^ Aj j -., 2 >P 

aj I ^1 j-oJ 1 (J^ 2 ^ . IJj>- o j~S oLwo-Ssj ^Jl*Ji ^L2 j ^^j>- 

t j jwL^J I a3L»/?|j o j I jj>cJ 1 ^\jSzS^I> J sjl) Lg_L) jj>o j jj> tw^J 1 


O'* 


dilj 


2 r* 




A_^ Lo«P 


c'>^' <>> 

a^woJL*J| A^UaJl OjJj* JJLl .^iS’l a^LSCoj A-JaijJ I (J Lo jJ 1 

a^>J| ^3 60 o^ij>wiJ! oL'il jJl ^jJ <1)1 (2005) 

CaIj^j ^3 ja«jj ^ j ->- t^oJLxJl (_£ jj>c_vaJ I LlajJ 1 j^Lva^o 


J^UJI JaJjJl 


( J~o_>e _^3 <jjj .^Jwwflj-jljj Lj J_) tJ^ljjJj_S” 


^3 1 y>r^] 1 ^jA A*J. p <J j^ 2 J>cJ 1 Aj I 1 Jj 1 C ^1 j>C~ S» *^U 

la.a< 1 ^>- j I c Lo jji J ( Jww« jA j LwLo 500 £_L> c 0 I oL^ jJ 1 

^J-P .^JLJLfcJl j>U>cJl Ja i 1 J I CUJLoJl 
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i jls- ^ vlJi ./> > - Ji oJ_P 4.1a ai olS’ J -i jl ^ 

jLjj>-V o d -^o oLlJwd >L, 4 J I j 1 4 .1 j j i 

L^Mlj iJUJl £&)M ills’ jSG tJaiJl iJUP 

'y . o *y j l>i^j 1 oj_* \s- ^jj o^i 

oLN jJI ^ la a '. 1 1 j-j-r ■/? 1 1 0 ol_w<>_5s_) ^_p Llv2J 1 ^ L>J I 

^s>- 2J (j I £3 1 ^ L« bo jj C_j2j blw%U <1)1 0 1 

^i_pl ^3 1 bLOjl (_£_Lyijlx3l Jg-tfjJ 1 ^3 ^/2jJjJ 1 ^3-Li 

Lwo ^3 4-JajgjJ 1 j jj>c_yaJ 1 1 OJj> J Ji J .^j_Jl dill 

^»->sj2JI <1)ISCj oLp-'yi 2^-j ^3 t ^Jl*Jl ( j> 5 {£ 

^Lu^/ 1 Jw^j c *}liLo . * L j 1 J-J jiJ 4jj 1 j^>sJ 1 O Uajj^oJ 1 ^3 ^ 1 

j»Lp ^3 <J j^Ls 30 1 y>- <.^2j_*Jl lJ-gJ t LJjJLa^I ^j> 

bjj 1 Jj& cLwlj ^3 1 jz>~ ^3j ^jJlos>zj I dl33 j£3 1 1 980 

Aj J_X_J C <LwgJ L*J 1 (^Ij^^l ^3 3 I 0 J^L jL*_~ol O j_^JLwO 1 

Ly^ 1 4>o Li j-^5l3 1 43 II 2 JI ^Jg-A^l 1 1 ibjj <1)1 

^>Jl ^J>cJl3 1 <OjJj>*_*jJ 1 j3lv2^>Jl Ob 3^Ul dJJj ^3 

4_j 2_—1? 1) IcL—a )) l £^) ^ 1 ^ jJJ ^->-1 ^j— > > jiw2j5 23 Lla 

jlp ^w-Ly-l JiLlo j_aj t (Coal-bed Methane) «^_>tiJl 

L>jj . ^_>sji3 1 J*>U- ^ y>zs>z]\ olJw*j>o j c3 j j& ^ &y>zs>- 

<J jj>- < ^j j-^j l*-^! - ® lS j-^-**-* 1 ^- ;>c - j2 -3 1 Lv2_>3 1) 1 

j3 JJ . 0 J_) JwP Lw« ^3 L<>-^3 ljwW2^3 ^J>cjjJ 1 ^JLl? L)b-w° ^ L*J 1 

<wy-«J J l l_\j>- 0 <LyL>-b 4-^->lJa.^ <L>- LyvwO ^ Jj>cj>t3 1 ^t->S-A3 1 O LyyO jJ 

^1p ^Lu 1 jbk3l ( j>» 0 CjLwo^S* ^^Lp Sj^li dii^ 

oL« ^ <1)U t(US Geological Survey USGS, 2005) ij>- jJ^r S—lj-^ 
1 <l)LLyoJl Ol jja 7 — 6 ^ip 0 j 3 1_3 (_£ jj>cj>iJl 1 

Aj 1 ‘LyobwoJl 4 j ^Pt.^,^. 1 1 ^£?1^2*-'yi ^3 L^-ysl? L^Jj>o <1)1 

OG^ jJ 1 ^_3 j3 L*,<g-oJ 1 ^jjJl 1 J_A ^_j Jwi_j ^_jj .A_^v-j2_i ^_^>tJ>sJ 1 

.<w-yX^La ^ J_3 <1) J_yl_> jJ 700 ^JljJ >0 t(USGS) A-ja.y»l J-J C 0 w\j>cJL<>J 1 
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<lL> IS l) (jl ( jp&jZj2j v_^x^Lo ^»J3 O jJ-J J 100 iiljwA C <Lwo-SsJ I ojjfc 

s r !L ^ri ^A Lo jJU AJlJ I ^_3 60 4^5 ^_£>j t 

ii L la .(<— . .wx-SJ ^>wi_3 <j jj 167) ajlJlJ I a_^S* j-^o'yi o L.1? Ljl?*- * y 1 

^jA ^j5\J JLw>- j o3Jj>c^3 o-wvwJ ^JLxJl ^ ^>-1 *lj5>-l ^^3 j^Ls^o 

!_\j>- ^ 1 y^ 1 Aj>e_Ju l ^x-wq 1 ^ ^ li 2 - 1 J y° <1) O 1 ^*-3 1 

CJ Lww0 jJ ^3 Jj>-J_) Lo LJ Lp ^J>tJjJ 1 aJL.1? l) LL'-o (j| . ^j>uJ ' ^ L.yg-.J 
^ygj jU jj2^>o Li Aj>-Luj *}l_x3 ^Jo !J-SLaj (. Li-Pn-.*, J 1 ^_>5j2J 1 
L<>-p c— LL lpx_^ 03 Lp o LwwJ ' j Lp w\_>- jj L<>_S” . <L-> L_~o jzS 1 oL_a 

^ J I jl <^^>0 e-Ul £0 tLjjJjJl jLxJi (J j-4>- ^3 <J LJ i 

^J^-O I . LjLo LJ J-yO-A aJL 4jjj ^/ 2 _L?»*jJ 1 J jl} i A-4-JaJ I U- 
jjAxj t jUL ?-Ul lj-A ^o 0 1 oL^iLSl ^ ^j^>-j 

jj 

jLxJi j^LvS^o 0 ^^*5* Li Jij ^->sJlJl aJL J oLlwO ^jJL <jl ^x3 jj 

^^o aJ! ^Lxj Li I.*/?, J 1 S^LijLwo'yi L)} .^JLxJl <J ^j>- Lj jJJLl! 1 ^x, JJ 1 
jUJl jj LJ LLo I ^SLjLj j3> Ly2_oJ ' o L)l ^jw<>-x^s-oJ I 

■iLjJLP^yi ^jA ^ J_j LL>^ jLxJi C^->o c 4 j wLsJjllJ 1 ^x-^JaJ i 

(LNG) Jl U\ jUJl ot>L5L Jlp jl cS^Jl ^UVl Jlp 

oLJL-i^'yi oJa o j-^Li <1)1 ^3 jJlJ 1 ^j-oj JjJ Llo j^o 

O V t LoJj«tl^vwOj ^x-wojl AjLaLiSLo jLxJi J^o 


Aj^ ^lS" I J Lxj 1 


*. 3 ^x»JaJ 1 jLxJi <1 j L^5 

.A^JlxJl J-J 1 


jjfc oL^-Jl) L)Ll-J 1 oljJ-jk j^o 1 jl>- o oLoi” <_i LsLiS" 1 0} 

( " ) (Clathrate) Lj-JI oli (^ ..la Jl jUJJ 

l) Lx_*3 -lJ>o Ll? L>e-o (j LLwo cj L_> j^>- j^o aJJjjj Lj j j-LJ L a_^_*_-_J 1 

^^_xj 3 1_3 J3 caJLo-*J1 o J_L>cJlJ I AjaJaJ 1 A-^o^Jl Cj l_l^_>c_J I 

5JsL>e-« L« ol* Lg.^3 o ^-Awo ^U» >w^S' j>» Clathrate: ($;») 
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JwA ^ I 1 <J C_3 0-L& (1) L> j^]\ 

*)ULk LwoLS” ljj->,<g.^ <lU3 ^J»SCx«_> ^sljJl ^3 . I jLiJl 

‘Lwo^S* <_>2-X-U? ^ ^- > ° l) I d^ljwLwA O lj (USGS) Ajj_\ 3 (_£A_J! A3 LiaU 
(5jj>-Vl ^^ijJl ^IjJl 

cj IL? -s>^-oJ I ^Li oL- jd\ d I (USGS) 0^3 aSj 

L^2j I J^SLo-iJ L Jj_l? LwoJ 1 ^3 L> I ^L« j-US* 13 ^J"V^-~ l)I 

olj-L^Jl -I 2 J I^Xj ^ (_£AJ| L)LAoJ| jlp L*A*j oJj>-L>- <J j5\X l)I 
C_^>c_j^ C J_J>- ^ j) % & A ^-"-P wL5_x_^J I ^)w\_v2_oJ I |j-A (jj . < Li^)^JwvJl 

LgJ 1 |j«gJ 4_^Lo-*J I jl Aj 3 L,<g.X3 ^ 1 ^1 ^>cXL^'yi CaLAjIj jJj JaJ 

dLLJ A_g_> LJLo l3 L) 1 o j-i^Ul j_ax_x_j . 1 ^3 l)La_o_U 

<J j5L> L)l C Aj AJjIxJ 1 ' jL*Jl j^L^o <J *)LxXAai ^ Uj I 

^Jw<>_p jUxj! aj>- L>- .i)Lw& t o L ls^>J I ^^Lp AjjJa^o L^.i ! 

. LoL^xsl jj*~JaxAJ aLU ^Ixjj JP^ ^L/2->j L/° ( J^3 j-^SLi ^5* I 


4g*la«)l 4^tll**o ^3 LJu^ .2 .6 

^j-woj ^J 5 L*Xu j t l*J 1 (J y>~ j~S ^J^SCXu {^C, j>zS>s]\ ^->sjjJ I ^JjLxAvU 

£j ^3 j>UJl J_jwL>tJi caIj_!_9 ?•!_} j-g-^3 1 j_J jj Lr 4 

(_£ jJ?XJ> sJ 1 ^> 5 -^ I J 1 A_>- 0 (_£ J S T Z - >C ^ ^ Lv 2^3 L )1 Lo-I . 3 ^ J_aJ I 

£_^a> jJ ^3 ijl-LA C LLoJ 1 ^yi J_j J_*j 1 ^3 0 j^Ssj j3 1 jJLa 

(_£ I ^-^aL! ^J-Uj 1 xJ| l)I j-^P . (_£ I (J Lj^JLwo 1 

N0 X oljlp Cj Lj L*_o ! L^JwOw^? l A_^Lo v, o! A_ x_>j 

olj-oU jl L^_pj_< > -^-j ^xJ 1 t <lLs33 oLw^>j S0 X J 

— ^Ji — L) j— i j_Ss_LJ 4_JL*_Jl a^wwvs_xJ| c U/2_j I . 0 j-w-5” 4_^_>c_^/? 

CO 2 ^ Lp ^ 3 Lo5 1 a J I 1 c ^ ^ ^ i I 

i£jyA 3 j_3 jJ 1 ^Jj-jI Aj>c_XJJ Uiw« U j l_JLo_J Li ^jJ>kJ| A_3 Li? oJ_>- j_i 
L^>- jJ jJ-5Lj Lo ^3 U>-^_>3 <^3L>t_)l ciU3 (_^3l jl5 j 

ol^-jlxJl jy 2 -JL>zJ ^]\ ^^xJl (Clean Coal) JajJl ^JJl» 

^JbS” j ^j>cj2J 1 j 3L/2-« L)l Lo-i .^J>cJjJl ^ IwU«xXI^ai ^ A.JL wJ 1 
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iJljwk i L*J I (J y>~ Uaj ^i-P AP^^a^ j LiJ \j JsslaxJ 1 L»^2» 

^Jj ^ jj>cJ>cJ! ^J>sJjJ 1 ^J_>jj>o ^Jl Aj>- J^a 0 ->cJ| J^a J^T 1 ' 

i_r^ J-g-Jl y*j LgJ-dJ o^H J- 5 ^ 3 

La-Up C ^J^ALw- ^ J I y .^jJ>cJ>sJ! ^J>cJlJl y> JpLsXw* (Sj^J 
(jl t AjJ. i5La ^J LJ L J Ai-^i-3 Aj J-Jj2lJ 1 \sJcS 1 j jliJl oLj^>e>a ^y^-* 

5 1 ^-Lyrfg-o-S' (_£ ^j>cj>cJ I ^>cj2j I ^ip ^ L>JLP ^ I t_£"H 1^” Lw& 0 

.<uSLsl~o ^A*J I j a^j 1 .> Ij^J 1 ^bol ^>-1 y* a^j I <LJ j *)! 1 


y>zji^>\ ^J_P (J^**-*-* i_s ^ ^ L j-g-^3 \ A^LlaJl oli aj>c_^a ^.Ja-*-^ d)j 

(Pulverized jl « ^ I ^jijJl)) L>- jJ ji£o j»^Jl 
1 Ll>- ^_pL ^ jj>t_^vwa ^Jl ^_>c_dJl j^j>cd? L^3 ^Jo d^> t Fuel - PF) 

(^jJ>C_J (J^~ 0 ^J>c_>- £C-4-L> 

c_5^1j t J^-i 1^5 ^\y>- ^1 jU^Jl h*-J? ^xAjZ Jj >- y £-3 y .JjJ^a 
c_ij jlk}\ oj_& y^^> .Aj jJLa A^>-j^ 565 ^Jl j^>- ( Jw^?-7 Ojl A^>-j^ 

S^j^-Lo tA-dL)j-g^Ji A^UaJi j_J jJ 0 LjiJw<>J aJlS^JI Ajjl^>&Ji of-L&^Jl o j5L> 
y» (J^ t|*->ej2Ji i3t>V^JLwol (Jj-x^a ^Jj ojJ 1 A_dbj^_^J! SjJl3JI a™j5 
Aj I cLLw£ L^O^ a jiU A^j L^> ^ I yj I y&] I y^jj .^jwdjJj A^_oJ 1 ^3 40 
Ojl y>- Aj>-j^ \s, «■» jJL^a o^LjJ_i SJ_jljJOa A_> j 1 Of- LIS' ^_Lp (J j. ■>/?_> cJ I 

iiljwA 1^ d) I Cl^->t»o <-iJJdJ^ c _j L>c_*J I 

La jLLJl L j L>o L^jL^Jol 0^/1 ^Jo A^j 

^3 jL>t-Jl L^s3 ^ ZL~J>- (,^Aj>-y>t . Jl CJ lL j_*w^J 1 Jj 

i> j L*-jL« ^yiy ^j-SL J c LLUa-a J^Lwo 

^JL<J| U-a ^1 ojl^>Jl JJJ ^_l_) ^_j .|J_>- <JyLSj 


ir* 

% 


-i ^ Ltl 


ojl 


A_>- O 


1? 


J—" 


4_JL*Jl aJLlSUI 


yj C ^ J_U>Aj ^Jj>- ^ ja ^3 1 0 j 1 y>* Jl 4s>-j2 

A^_>c_^vJ J^ja j A ■./? a >z^o ojl A j>-j^ wUP jL>o ^^Jj f-LoJl ^Jj j_>o 

cijJ)) o l—JLJwoJ I 0wL_A ^Jw<>— x_j .^_i_P I ojl y>- (Super Heat) 


Of- LaPJl ilijJ ciUi a. 


jj t j 


Lj 240 I ^s>- ^ d_>- 1 
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A_J^xJ I oAA I ^ip- ^3 44 1 y>~ AjJ ^>J 1 

Of- US' AJLaJ I ^3 40 > 4_j j lJLa L a Aj>- Lx_v^ I jJLa IjL>sJ j A_o <1)1 

L,<g.^i.>o jLj L^j I c Aj aJai! 1 AiUaJl olk?*t« aJ^ai 1 jj Lo jjC 

^y ALw^o A^-oJ J_J jjJ Aj j_L12_a>J 1 3 j3 jJl A^wgJ ^3 AJAjJI ^3 1 0 LoJJ 
400 jAS* 1 JIaa CO 2 jU cjIjL*-o1 y>zs>- ^3j c p Lj 1 

o5_a l LwJ Ip- J^l LaJ^LAj) yj <->- jJ>- (_5 j 3 A.O L) 0 L^JwO 

^J_P 1 AJjUaJi olJaj>e_<J 1 J_j Jj>- IjLwX^a AP J>- jaSU 1 

>e_Jl j» I Aj>*JA-a ^ (_£ ^_>-l L? J-^ JLLA . <1) j_>r..L?../>J 1 (_£ ^_>c_Jl 

aJIp A_JjljJ>- Of- US\_J 4 _o 1_! 1 A3 U 2 JI J_J j_J ^3 0 j_Jo LwO j_Pxj>J I 

^-wo \j UL j-~~j JjJLxj LgA^U 4aJl A3 L^aj 1 ^A c ( ^_J3 1 Cj U L*-o I j 

Aw»>- a_*jLJ| AA-JaJ I A_J^p- jJaJ 1 0 Aa \y .A_xj jIAa^I 

^lAj>cJAai A_o ULa) ^AL> J ^ ^-^>s-a ia yA.*,b,A f-L Pj ^3 ^J>e_J I <^jJ>t_) 


_j lA^J 1 AJ Lj LoAu t {J***-) ^ a ~) ^ 


3jbV SjUJl Jl^^l olilp 


A_4_JaJ I ^3 A_^Ja.A<J 1 0 j 1 jj>J 1 JJj 


,u (>1 


j L) A_~Jj CJ jJ 1 ^3 


Ca_>s_w2 1 1 of-USJl ioljj ^^-a Qkj 1 j-Ss_a ( ^o oAjJJI <j) .A-^-LowoJl 

aJL j_la_> (_£jLA_J| ^j_o j jjJ 1 j (_£jl_iJl ^j_ojjjJl J^a ^JwAAAj AASLa^a 

Of- l_4_S” <jl 1 c(oL)3l A3j-s3j-»Jl) A_^S”j«oJl ojljJl 

^)jla:ll Jwo-P ( j-a 1 .AlJl ^3 50 ^j. ■>,/?,; Aj j 1 j3>- 

( j^OJ^lll j^aJ OljLp <1)1 ( j^J2j jlpxj^/l i>-L>0 

aJ^P A^JbJl J aJj^j->c^J| ^LojJl oUa«> Iw^w«j 


jU ^JI iJ! ^ ^ oi 

t ^_ii_SLa J^SLsL_j Llaa. j3 jJ (Liquefaction) a_1^_™J j (Gasification) 

AAIaLoJ I Aj j LiJ \j aL LwsJ 1 C3 1 j Jw^A jj ^SsJ I ^Ul ^ 

^3 jLiJJj Ja-AXiJ Aj 1 j3LsjaA>AJ j3 1 jAS 1 .^->«-a]1 

. 1 ^-^5" j3 Lsj2j>J I 0 j_A j LoAAo 1 ^Sj l J 1 (1) jaJ 1 1a1 1 ^jL^3A} 1 

j3Lsj2^>Jl OwLgJ AjI^AoJI c_ 3 jAjaAJl 1 j-AS* j^*Sj <1)1 aJL>»J 1 OwL^J 

0 jASL ^AAiJAvU <1)1 ^ y>zs>z . Jl ^->«- < liJ I JJ c LgAaJ 31 j3j 1 j Aj AJjiJ 1 
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jLp j^>o d) 15 w\JjJ ‘(^jbiJlj ^J^bvsJl 3j3jJi ^bu^/ Ao lb 

j\ ^_Px_dJ I jlp ^Lu^/ jJ^S' £_~obJl 0 ^JjJ 1 d^bl-Lj -LLa bajAsJL^vwa 

A^_J ji Ja_J_>- J^SAcLj j_a j t (Town Gas) Jl p» 

^bo^fj ‘ Cj~^~ J J^-^-l 1 J 0 J-Jj-Sbll -L^5 I (J jl J^a bj^ba A j I j>- 

3jJ>“ J-J (_£ 1 ^-PtjjJl ( j*J>Z**~SJ jIp ^]l ^.pxjjJ 1 (J ^j-A jbd! IAa 

^IjjLp-bbl ^pbE ^jj>s ^j>cjiJ I cli-SbijL) c^->tj t jU*Jl j { j-*j>%-~+S *)! 1 
ciJJ^ -L*j ,j5A>->j ^Jl jjj jj-L^Jl J b jjj^bli wL-^wS* I <Jjl 

^jLwl Ls^J lj JjL-Jl l 3 1 ^jlp- bbl ^p LAl I a_LjwLx>_JI jLp jj -> 

Ji j . <UP ILsaJ 1 OLU^JJ 3j3jJlj A3~CJ 1 ( J^wO 111 j o jLbU 4^|jj>tl~oi 
4 jsx_JL) ( ^_>j_JL*Jl b j-aJ I ^3 1 3 j3 j_) 1 1 J-A £_j j jJ j wL-J jJ JlwLJL^ol 

oLL^Jl ^ 1^5 oSM ^JJI ^^kil JbAU ^SbSl yl^Jl 

J_J jj 4sL/?^L tAjpxdJlj 4_u5wJ 1 <LJu V I ^3 4J3 JjJ I j 4_*p bwaJ 1 

jlp (_£ j_Pxj>eJ 1 ^_P»t_4Jl jjPsjJ ‘U^bwo'yi 4_jJbJ 1 bl .e-b>j_g_^Ji 

j b^_L) J_x_j ^_> ~t3 4Ju J-oJ I j bp ^ b dJj 1 

Jj jJcJ I 0jj3 __) 43 J 1 Aj b 1 43 UaJ 1 J-J jj obJAa ^3 pJjAdU*>bbl 

(Integrated Gasification Combined Cycle - IGCC) A_L_a Lib_jL_* 11 

Jl>4 j-4 AJj! o 3L>-S' (Syngas) t _^pbu^Jl jUJl ^Lb^f j <. oj jjaJuJ 1 

®Aj! j-^* 1 — ^Jl — jLiJb) C3 LwL^-P ^3 ( Ju Lw*J 1 3 j_3 jJl jj 

. (GTL) 


^>tAli (IGCC) 4ja.^o ' jj 43 UaJ 1 <uLj^p C^xSba 

j-a ^3 j b?x_J I J_J jjJ Ojb>cJl ^3b*Jl Oljbp bv2_)i j3j_>J ?-Ij 1 

1 lb_& ^-^-j .^wLJ_4j ^jbpx_i ^j_o ^3 b5_P- ^ ^JAcJL^vU 

C (<L^ I o jljJl) ^jb>x_dl J_oj jJlj (^jbiJl JiC 

SjljJl 0 I 3 bij J_>cJ i biUaJi obAjwa ^3 ^w\j>cJL--vwgJ 1 <^~S J ^JjL^a jjfc 
obbJwa J^a jJ^sj ^Lp 1 Of-bbS* t^^s-JaJl jbiJl L3^ ^ ^ 

C3C>-j3 v^-ww^v— ; (PF) ^J- 3 >tj2J 1 b_) j L>t_) Ala_^v-J bi Lb 
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LoJJ P Aj| AjL*jL>z . Ji ^3j .(^jLiJl JJ^ I ^^3 AjJb>e_oJ 1 A_J L*J I Sjl^J! 

4^J_vsJ I 3 1 j-oJl l)I ^-*J AjjLp -^L^o J ^»->sJ2Jl AjsxJL*^o ?• jJ 1 ^3 ^*2o 

1 / or* or* <Ji JlP^" csV lJ 1 

.a^>ws_^vj>“ <ol»-S* ^jj>Jl ^_i*}L*Jl 0 jj j^J y& j-p ) Jj>-j_oJI 

JJuij j^p L^ 5 j-p ajj>J I ^3 50 ^\ a^L^J 1 ajj! y >^> I 0 ^ LaSCJ I (J j-n^j 
yt] I 0 A3 U 2 J 1 oL^JwO y> <J L>cJ I j_A U5 4 AJJ>J I ^3 40 y» 

^5 ^1 A^S I Sj I jL I Lv 2J ! (_£3jp 4 ^-> c -^woJ ' I ^Jp 

O Ua->c-» e- Ljj 1? A 3 ^_*> 4 L>xJ I 0-3 jJ I ^3 . CO 2 J Lp ^Ll>I ^3 

cj I j_>- ^5 ( Jwo_jcJj L^>- jJ jj^xj 1 ^- 3 jjJ ( J^SLoj 4a_LJ3 a^j>-3j_^j 

jJaJ JLpI ^3j . j Lp ^j>zj^ I ^Jujj>o ^3 0 j_j j_>- o LjJLJ j Lo>- 1 
4 ^a.- J g.l 1 jLiJl a^LLS* 3L>3jI j 4 (IGCC) oLJLja a^LLS” AJlp-'y 

0 Jj Jp A^wLwAlv^o <LjL> j-^5” Cj LIsj>c^3 ^4j Ol ^J-^3 03 J aJ L^vwO l?d3 Lgjli 

^_>o2J I ^Lp (IGCC) ^«4 Jj c 0 ^ L> aSCJ 1 a_J Lp oIJj>-j cj I 3 

Os^5”j^S” j^p jp ys>z^S S 1 ^Jj>o~oI tajj .a^2^>Oo oUL*-ol 

I (joL*Jl jl) jL*Jl JJ 3 JJ ^_>cj>- jli (Jl^>- y 

*'jj' y 9 Lo jJLj A_OoJ \ ^3 80 ( J ta SLo_> (_£jJl ys >- j JL jJ 1 ^Lp o^vj 

4 aJ L o .jLp ^Jj j_>oJ 1 jl ^ j_JJLl! 1 (^1 jO>- v yi ^3 <oLp Jj>«jOvw<jJ 1 

^Jw»/23 A_4-o«P ^\»P l^- ^ L5^ ^ ^^2 J Lp L^vwO^ ^Jj3.JJoJl ^)LiJ! 

J^wol (aJLJI 0 jJLaJ 1 ^3 ^Lsljj) ^ J j- : f c - >c -^^ CO 2 j Lp 

aJ I a_aj 1 a3j y>^J j Ojjj^i . ll y = r zj> ~ ^1 (J^ j 

a_oL> 1 AiLlaJi J-J yi oLsLoa yo CO 2 j Lp 0 UU- 0 I ^JwoL^jdJ 
jZ&j ^ A^» Lw« (IGCC) A^iajl (J j&3 c_3 j^j SjJ^xj (. y y>zj>z]\ ^-->tJ2J 1 

jjJadJl y> y \ 0 Jj li i3LLA . Aj J_4_oJ 1 O j->c_-vwgJ I y>zji] I oLJOa ya 
Lj>- jJ 1 ^IjJoooI y^s^j aJI cjLooJI o j_& ol3ljj>xJ (^jL>cJl 

jUJl jp cjd-^ Lol 4 (Syngas) ^LwaJl jUJl 
jLiJl oLJjwa ^y JjLo 3 j_i j 

.i^iLta 4_^J-i2J LaJJP 
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jlp l£jJ>zJ>zJ\ ^>s-dJl J->jJ>0 A^s-Lis-P jj 

JaJl aJ 152a ^3 j^xj>rJl ^j>cjjJ I ^*Jo cL~j>- t jJaJ 1 (_£_LoJl 

i j i (^j>«jw<>Ji cy 3 ^ ^ oj3 

jj^2^ 3 ^yO S J^S *\y>- \ 1 ‘LjZJ jIz} I l) j£j l)I t LJLj 

^Jj>cJL~*u 0^ I o-L^J L*/2-> I .^pLl*/2 _^Lp (_5^i 0 Lw« ^t->cj2j I 

J ^Jl ol <S j J T z - >z ^^ ^j. J j-*/ 3 j-Jl ( J^I O^ 9 

Aj>-ljoj (jl jl to j-*-y- S' (^Lowpl ^^3 0wLj>-I j_j i^ww^v-j LwXwwJ^ 4_J| 

^_>s_aJ1 ^Jujj>cJ ^JLx_>j . AjwL-LdJLl I ^1 ^■cJL^'yi jib ^Ja-wo 1 j_j Lo 1 

.X>- Aia-^vJ o_Ls~5*U 4*Jw <>»P C^>o jlp 1 

AJa,^ 1 jj "° j-t UaJLoJ 1 Cj L^S" ^j>e_dJl L^_*_3 cLw*j>- J—x-j 

^3 <L« Aj>cJL--vw<>J I A_^»S\J 1 (J^ j-w2_*Jl 

( J^P J^jJwLpLJ^J ^y^J2j <1 j A^L<>_xJ I o2»& t L»L<>»P . ^ IjJ I I J*2*~ I 

. ^ jj>cj>cJl ^j>cjiij OwL?c>c_<>Jl O L^JaJ 1 ^3 t AJwwX^s A3 Lv^o Lv2_xj Lo-g-^.xj 
oAjL>c_<>J 1 A_4_JaJ I ^3 j_io w\j>- 1 ^3 ^-^x-wvwS” V I jl *lj_g_Jl L&-Lx_> ^_<2_L> 
o_\J 1 ojl ^>xJ I (Jjj>o -Lxj . lo (_£ j_>e_>tJl ^o>sj2Jl y>z^] 

^.P l-Lv,<g J 1 ^ L*J I l2_& ^1 jS>zSL+*>\ t ^P Ijwv^ l-P I ^3 L) 

jl ^Lj-^-Ss Jl J_J jJ (J^ ^ (lr° ^°i I 

A_J-»_P A_^Lo_*J I 0 jjfc <U*Lj t IwLwoJ 1 A_N^>- Lj ^yO .^J Lw*J 1 3 j3 jJ 1 jjJ 

L J-x>-P Lg-^sJ t jl-P ^ j^>c_>sJ I (J y>z^]\ ^3 1 

oL^JaJ I ^*_>5J>sJ! As^Sj A^L>j<J I )g«+/0 A^s>- U j^xSsj Ajy^^ \ 

Oj>*J . L^J LUj j oJ*XJ>tL<>Jl ^ ^J>sJjJ 1 

O LsJ-J I ^3 Lw-*>JJ (_5“3^ OwL>cJL<>Jl A_SLL^w<iJl ^_3 'yjl 

oLM jJl ^3 j j-l?-7 j_j j_x_j j t^_*/?L<>Jl l) j_2J I oL-Jwo^iJlj 

jUJJ L_j ^15J! . O LsJ-^_*_^vJ 1 ^3 OwL>cJL<>Jl 

0->o jl>P ^->cj2J 1 ^J-j j->=-J A_JwO-*j 1 ^3 Aj ' j ‘ur^^' 

I 1 L>cjJ I ^ Ijo^l 1 A_lj>- AAj I o j-A t ^ i 

OwLgJ ^j-Ss-o-j t ' jLiJl jLx_woL ^3 L^?^! I jjJajJl 
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A3 UaJ I ^3 AaJ 52) 1 A_«J>- Ij |jj>- aJ l_*_3 Lg_j I O-Jo (1)1 A_jJjjJ I 

<olp _L*J I (_£ I ^J>c_aJJ A^5r..»,/gJ I J^Lv2-x>J| ^3 oljJL>e_oJl 

. lolv2l3l A>*J 1^2 


J-ws-~J (J^ - dr* (_5^ ^jVl oLJ-o-*Jl ^5 

( j5do_> ajI o^aJI oL)jj-sLp ULJl ^ ^y>zs^J\ 

jJj ^3 (Jj ^Ji OlpxJCwfl l*-> j-s-*» LloJ 1 (^JJaJl ^3 

Sj^S” j3lv2» 3 j^>- j £0 tj»L>cJ! JajdJ 1 ^3 lwb>- o ^5w? oLj^Lx^-l 

y>z-L}\ (Hydrogenation) Sj>- jJu* oLL_p <1)1 .<_£ y>^> Jl j-* 

a^jSxS^^o c^jIS” ^jj Lwo ^Jl jLiJl ( J-jjj>tiJ ^iws^oj <zj L-L>_p j 

1 llyaJ 1 jUdl (_£ I 1 ( yo JjLJl 3j3jJi <^~5 

I I2«a j^>3 o L*tjw« 24 I ^_>- 5 La .^Lp (_5^i I (J ^>c>3 aJs^ I 

wLoJLxJ *5 ^5 LJUlSI <LwoJL*J| y > Jl LajIl* yj I aJ 

^p 1 ^1 p j . Aj>ti-vvwoJ I LgJl j3 oL>l> j^wobd j»UJl Ja5J 1 LjLoJI 

Ol j_3 a 3 Aj>t_JL) t. J jj>«Jl Aj l_^_> ^J^w-9 A^-j-LgJl CaL^JwO ^JJILxJ 

o^j^sxJl ^£3 (1) 1 j.Jg.1 1 ^.Jg.^3 J^atj ^lp oj^li C^olS” LgjU C P UUJ I 

.1944 j»lp { j^>- (Luftwaffe) aJLJSM ajj^JI o jii! ^jlk<Jl aJUJI 
tj^li 2)15 I j jJaJ JiVl ^w5 y (jU tdUi ^1 A3L5) 

AjjJJa^oJl 0 15 Oj_)jj (JjjjJl 3 ji j ^j_a *5^" *AijJ-> <_ 5^ 
A_^viljw4 CjLsXJwoJ I od-A wL*J tePjJ>cJl JwX-J . ^j_LoJ 1 JdlJJ j ^^>JJ 

aaJ52oJ! j_^p ^ L>cJ I Ja5J 1 olJjj^>c^3 jjj^s a_J-^p L^l13 1 

(SASOL) a5j_Jo (1)1^ . L^jp- I ^5 dUdJj 

oJjk 1 ^JL*Jl ^3 OwL^>-jJi oLJLLoJI L_Ajjil yS>- ^3 

JJwJ 1 A_^3 Lo_> c ^->5-^ 1 ^ Lv5 1 3 jJ 1 ^ J-^ ^ L^>- jJ 1 

^_-0 i5 l^3>J-^P' ^ ^ J*/2**&^ l | ^■■.,^,P ^3 0 l ?• L— ! ^— ! . j l 3 ^3 ^ ^ 

d)l5 c5wj>- i Jail! 1 <JL>JI>-Ij A^JL^a L5jjil A^s j55- 

.j»L>Jl JaAi! I ( j*a ^oo_5? oL5?Lj^>-I ^ jlL 31*^13^1 Jw5w^» 

c owLgJ ^JLxJJ j-^ d -^>~ 1 j5 j'yi oLjUwoJi oj_A ^>wL>oj 
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y« <yi L^o 3 y jJ 1 ^ j-J 1 Sy ly>s L^>-jJyS\i)l d)l jJj 

JJUL p\ (SASOL) sin- cu^if 2004 ^Lp y .yy><_>J! ^i!l 
.yyx-^Jl y>*-dJl y» yjUJlj JjLJl 3jijJl y yb <J j-p 5 y 

l)I y^o-> t p*)U yS \j SyL ^w2j y_lUjai!l Ja^J 1 oil jj^s (1)1 Lo-j 




.^\jLwo Lwws5”y Lj y^l b yj oi-^J iL>Lo«« ^ I oLti« _l& L iu 


Jt ^iJaJlI .3 .6 

^y 80 ^Jly>c_j ^jj_A^ v yi ^yjJl ^.Lp l_o-i*u ^JbJl (1)1 lylj 
oJu-Lp 3ylxJ dLb u_i j-^j t 43 UaJJ 4 JU-Lip-I y« 4loJl 

^JwojcJ j 43 UaJ I Lyy^oJ 4»1 ji~o1 yS I yL^o yjJaJ r* < - ) ' 

^Jj y>cJ y Ajjjj^>- *)! 1 43 UaJ I Cj Lj I JuLdu I ^JbJ iu Lgl! 1 4^>dlJl . Ju 1 Jwb 
uJMiJl y o3 Lp jJJaJ yjJl C0 2 jLp 3ySjJl y jj-jj-SUJl 
<uoJl*Jl oUUcJ^ll j-obo ^Lol-&l (1)^/1 J^j>-jj C bib 4^>du .yy>«Jl 
LjI j Lob l 4i~*J U (1) y ^SL! I y« yla !j UU-fl 6 yi y bJ 1 C0 2 j L*J 
jJajJb *Lo_L*Jlj J) o— !' Ij_) IwLSUaj .cJLiJl 1 y 

y j_>Jl tb*)LiJl ib3JjLoJl C0 2 jl_P 4_*_o-b y 2 ^UL 2 *zJ oLoLSboj 

^.■>,^.3 )) jl t «<Lluy t J J (1) j_j J _Sb!l y>5_J>-^ j 4_3j j-*— 1 * * 4 l5 ^ 1J-j>bJLwo Lj 

y5sJ c 1 Jj>- o jiw>J I 4_b-l y y y& oLliUl c>jj& yjJau d)j_ .^d) y^bJl 
c _y~*~ ^ ^ ^y ^JJ yH**^>J I (J Lo-*i*>j 'y I lj.-Loi! ^ ^JaJ I y la*- j b ^iL> b3 
< s tA-^-3 1 y 4^*bJ C3 jJl < y C0 2 jdp oUl^ol ys^jis>z3 Lu5b>-j LoJUa 


Ur* 


Jail! 1 


ypU Jj>-I yA C0 2 jdp ^llirl^l 4^Uj^p (jj 


1 LL>ej 3 ^y yy Lob . Ll^vwO 4)lLa 4lij y^ 4 jJ»Uj1i!| jUVl 

(Enhanced Oil Recovery io^_uJl JaiJl ^ly^i^l l p jU c (2 —6 ) 
4_-ob y y>_j ^jo . t)Lx3 ila_^_-vj C0 2 jLp - EOR) 

^y lj yp Lws-^vU OwLv^-J 4jUal>3 ^Jj c_3 y->! Ur° 

> 

Uj-Cxj i; Jwo-*j . Jail! I (^Lp 4jy^Jl cj^LbLii!! ^y yi>b y y° j ^ yJ 1 
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. (EOR) Up J itll JaiJI t \ j ^\ : (2-6) JiLtJI 


oL>olj ^3 1 1 1 £.33 ^^Lp I jL*Jl 

4j>c_*/ 2->3 <ia_^ I jj wL*_) t 03 j ^>- yA ^S' Lw? Aj& j3 

AjjIJL>JIj 4jLLS* ^XS*1 AJLjJfiJl o-Lg_> l?.i.‘J 1 1 j>zS^j I (j) . 4-Olp 

^-^3 1) I (EOR) A_^E>_P ^Ja^-w*o t ^ La) ^JL> 

^Lu^M Olj^V ^J.->/?3 1 ^IjjLjLal £0 t LoJ^>- Jjl)JLvw<>Jl ia.i.L 1 j*o-P 

jl ^ .•<>.■■>, <g.7 1 ojjk <1)1 . ULLa 

<2jV*~oS l_La l) 1 ^J^-3 ^ Lo^/ 1 jZj A_J 2_*_j o^Lp ^Ju 13J C CO 2 jLp 
LJU t aJ L>c_J 1 o3_& ^3 .^jJL21 ^a> 1^ ( J^3 3 LijJ Lj CO 2 _J Lp ^_^3 0 

j l_P ^_>ej>- ( J^P 0 ^ L.P Aj Ij oAjLi ^Jws^2j>o C (EOR) A_^Lo«P ^Jwo-X^j 

CO 2 jLp ^ 1 1 j .A^JL^<>Jl Ja-tfjJ 1 A^Ju ^3 A^jJj>oj CO 2 

C <L^S” ^ 1 0 J_PxJLo_l 1 C3 1_> ^ jJ 1 ^3 j_w_S* (EOR) A_JwOwP ^3 

d) j_J^o 33 1 jj>- A^^S* LJL>- tA-JjjJl A3 UaJ 1 aJLS'j iw.^j>oj 

1 ojjk j3 jj . (EOR) 4*J^p 7 5 1 j->cJ ^l*JL CO 2 jLp (i^ d^ 5 

( J--_3 ^y» ^ 1 (1) j_j j_SLJ 1 j ys>zj>- (J L5s_jj 1 ^>3 LJ Li 

.P-L<>«LxJl^ Ap ^<>-> C>3 
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j jl5o1 : (3-6) 


U5 <l)jjj^3l ^jjy>zj Cj L jJil) ^XoJl (3-6) 1 y-*i 

43 Li? 4?hj>zJ> ^yO CO 2 jLp CJ Lj L*_o 1 ^Jwv,^3 ^ jl . <JjjL?-LJl 0 j j->,<g.o 

3 j_3 j_JJ 4-SCJ. I (_£ j_>- ^ 1 C3 lw^i_o_x_J I yO-*y yA j \ t <LJ Lj j ^ S 

'kxX-Xj* j\ joLp ^-3 LiJjJLlJl oIjLp 

4_&jjL>e_^J I ^_jjVi j LSs3 ^ 1 <_£wL>4 j»IwL^JL^Lj 3_JwLx_j tolwLJwoJl 

L>- jJ j-^>- L_> jl5oVl 0 j_A yo 4j^>\ 3 ^jwo-Jo ^3 4JwLwoJ|j 

Ja-wo j_S” I Is-a.oe-oJ I ^ J^xJL^vsJ 4_*_> I jJ 1 0 1 LoJws_> 1 C02 j L*J 

^3 1 ^woL'yL 4jJiJj jLiJl J^Lx-si’ 4 JL>jJI 

^3 J-PxJL^ I I L^_~o2j A-AjjJaJL t wljlXl--vw<)J I jL*Jl jl jg.A‘«J 1 y£>yj>- 


-bixi--vw<>J I (JLg«x^ol ^jo 4 J L>cJ I ojj& ^3 . (EOR) 4«J-^-p 

4j>tJ j3 L^2-» ^1 ^J_p <1)^1 'bf 43 j CO 2 jLp <lL>-I3 

jUJl 0 J-^Lj <1)1 ^3 jJLoJ i yO .jl_*Jl jl Ja-tfjJ \ yA L.O L^2-I3 1 

Lg_) ^-^J L ^-*J ^ l3_g_J L*/2 j-m2>- 4-*_~m Lwo«3 I 4 _>c_L) I 0 J*j2JJL^vw<>J I 

OjXi ^J-Jwwwj 1 yA c.i'yi o3_*J jLiJl yA UJw> IjwLvS^s ^L>e_L> O jJL>- 1 

LJ L>- 4 J jj3l 43 Ua3 1 a31Sj ^.pJj jUJl iax>c^<)Jl ^1 j <, o y~J 

cLw_2- C Ijj-S” ^3 4j_J J_>c_J J (J j_J jS\ Ji 4 J jL>U 3 £j j-sXwO 

^*->cjjJ I ^J-j ^- > ° 0 L*ljw« <^wo L I CO 2 _j U- ^ L 5000 
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yJL>zJ L lo j-S” b (J ^3 3jJj>tJl j*S* jLp (_£ jj>cj>tJ 1 

4-^3 1 ^-oJ I ^ c_3 . O I LSs-wo L~o t (J jyjj ^3 j y^y J SJ3. j ^JJL>- 

£_9 j_oJ I j_A lj_A <jL5" \^\ Lgws_3 4 _jj jJ CgloLwJl ^-wOxjj o I 
y& a_ows_^J 1 o L> j_Lx_xjJ I y~* LxJ j t o j-j j-^J I LloJ 1 

. 4 __Lo*P IwL^A c_,i,.s 1 IS\J 

C-*g*o 4-oLoJl 4 j y>n^p)> 1 <lJ Ia JgJ 1 <jl C 4_£j Lla 4JL ^Jgj ^Lo-L*Ji j J3 
0 j-5sj 0 1 ^j^-oo t j j^>cJ>tx)J I ^ lwO-3 1 y* <uJ>w2 Jl oLwo^Jl £0 t^gj^l 
(4> JjJlS'j tC0 2 jLp ^j-.O O g ^ ^-gT_*. 1 4«*_*<0 Lt” 3 ^*Q3 


^s_P ^%-gX_Aj I 


olJLig 


c'^ 3 ' 


.<U_^A>ljw« ^3 1 y^ 4«o_ 

jLp 4 j>*J LoJ 1 4-o LoJ 1 Cj Ltf-JaJ 1 ^Iwlp^JL^i i! jl^o 4*wX_~Jg oj j_o2j 

.jo>-I ^g j_p ^ V (J Low^jl^ *)\oLi Oj-^-j e-Lo-Jl lJ-A l) V CO 2 
^J_P LtfJo 0 1 Lq 2 o I J^o jJ I ^3 jLxJl ( Jo>t Jo c_3 j_~o 

4 J jU>^ o 5 ^J ^ j-Jj5sJl 4_J»vg 4_o yj^ 3l y 

CO2 ji-P y* ^L*JL> Lo j2j l) j^Lo t4-AjjJaJl o5_gJ 4 j j Ljo>- 1 

^ I (Sleipner ) L- Ja>- ^ I ,_s^-^ 1 j UJ I 


^JLjg 


,U^L 


r’ r* ^ 


4_o Lo 4o ^j: 

I olJLlg j^-o SJjLa 31 0 } .jg^c-Jl ^gjl 


c (J LowJlJ 1 
xj 4 j 2 -wO-P 4 _>cJ Lj 

(_£ (^ j^xj>cJ 1 ^_>cj 2 J 1 O L-Lo jJ ^.Jg.jco O I jJfc ^1 y>zl^> *^\J 4 -L LaJ I j_^P 

> «. 5S 

y>zs>zj 1 c ^^_>cjjJl — 4 JLJg o llwo )) jl L)LLo>Ji j^-o s <^~*S <oLp 
4 ijg ^ CO 2 J l S’ yis>x} ySLy y>zj>zJ\ 4 -o 3 Lv»woJl 4 -JwJl ^3 

4 _x_o^ j-oJLo jli- 1 jU 3y>-j ^-o ( ^-o 1 j_iJLj t ^o>co 2 J 1 

4 _U_x>_P ^3 ^wL>cJL--vw<)J 1 4 _IjL>«o Ajijjlz-i L)LLo>J 1 £ 3 _Lj l)I C UwO 

^JJl t^O>cj 2 j! 4 ^-Jg ^3 CO 2 4 ^“^^ • (EOR) 


r°" 


Lojip ^o>j 3 ^3 j jwLo 2^3 


jLp (J jy\ (^wLo 0 I 3 4 J j»lo 0 j-^ 2 j i3U-A c I y>-\ 

Ja^ >c-oJ 1 ^3 00 lo ^ 1 Jg jJa->c-j jl ^j_A-w»Jlo 4_1_5 _j j-&J CO 2 

c I 0 1 1? > >g-^J I ^3 JgnjJ 1 i J^o yj j^3 ^ ^Jg I 
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<J j S 1 1 ^3 LsUaJl 4JlS”j AjLpj Co>o 4_olj_\Jl J*3 L o&j 

j ^S^S Lo jJU ! o £..>/?.) -LLP ia_^_>c_oJ 1 o L-o CO 2 Lp J^JL>o 

^jJaJ 1 Lol .jj>c_Jl oLwo ^3 42 JJ 3 wLx_j j^_SLol Lo ^-wolj ^J^SLjo 

^LS ^3 o l^,^.i.>c-LoJ 1 *)Lo-J CO 2 Lwo ^.Lp wLoJLxj j_^_ 3 Li] 1 

J^o ^^5" I 4_2 LoP I ^1_P ^-LLl o^l -L**/? JJ-P Ja_^_>c>oJ I 

5iliS* ^^IpI SiliS’ JjL*? CO 2 ^JLj oi 4 ^io 3000 


^3? ^-LJl 


Lr*J 


0 j^>zJ ® CO2 ^JjLwo ^JL^Ljo Lj j_*_i . e-LLl 


^3j . 4la*>tx>Jl oLoll ^oVl oJj>o jLlol £0 I ^li ^3 (_^Lu 

Jl C0 2 jUJ «v 1 )) ( Jwv 2 j >0 (J I ^3 ^ 0 >J I ^J^O 4 L»L ] LIS' 

oi*}L*Ji 3 j_Lxj Jj Jj>- ^y* .Jj>-Jj oi jLiJl I3-&J 4 ]g.A.>g^» J I ^Js-o 

cj L/ j_x_^3 <lL_p j j^iw*i Lo 3w\_>cjJ 0 j_^iS* jj>o (j*^M .^jj>sJl 

CO 2 jLp J^o 0 oL^i" 4 _aLS” jJ-LAj (J jUJj 4 0 L& V J ^wvjJ 1 

J-Lo J^w<o*J 1 jg.A.>c^> J 1 ^3 (1)1 ^-PjJl ^J-P .4_Ajj_kJ 1 0-Lfj 

L)1 ^ 3 j-^o-] 1 j*p (L^ 0 ^ lwL>- S 1 1 L*_o 4_~_*o Lll>- 

JjLjJ 1 (_J j-^ 5 jJaJ J_xj 4_Q Lq2I3 I 0 Jj 1_3 Cj L 4_5j jJaJ 1 0-L& j_Lo 

• <U>- jJ jO>t J 1 


*C_)J_>cj j 1) L*wO j}\ oLjj>tl]l 2)} 

^L la-*— Q .^oL*_!l L-P ^ Lo J^_P 0£-L2_^o CO 2 Lp J_v2_3 4_j 

( j^o Lo ^-oL I ^3 12 4 CO 2 _j Lp |>_>o 2J I 4^1 1 o L_Lo — p 

j Lp . j^o j^oj ^J-SL*Xo 4 — aJ Lo 4^2J I 4 43 1 'y I j Lp ^_>co>“ Loo>- j 

^Jlj^ J5Ljo 45 LJI Ojj'yi l)|j . pLo jL>oj (j^o>-j^o) OjjI 4 CO 2 

<uLoP ^ J^Lio M <_5^ 

Jwv23 ^lq2j _L*_> .(^1 1 oljlp J^-o ^S'Vl jJlLj 

j_^5sJ 1 jLLl ^_>cj>- 0*0 Lj_>o ^ Lo-3 1 jLLoj Lr^ CO 2 jLp 

j*J jLo j l) Lo j-^Lq iiLwA . 0 1 J-X-xoLl 4_oO>e-o2 Jl ^iajjJl O LwLkoJ j ljj>- 
44^1 ^jo>- *y ! 4*_LoP j^-o ^_j LJ 1 CO 2 _j Lp 'j^ls>- (_£-]| <Lw*j2 L Lo. ^ >• jb 

.®4^1^>-'yi \&)}j ®4^ \ j^~ ^ 1 wbo)) oLlib J^*o j-g-LoJ 1 ^jj-A j Lo j 
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jLkJl I jjJaj — J_*_j d_jJij ^3 

jlj-i^-Ml Cj I jLp L js C0 2 jLe J .,,-? a 1 (Scrubber) 

SSS A j-J I 4 _Lo LaJ I d_^o I oLXJwoJ I ^3 LwA \ j jjJ Lj 


(Mono- - 

j-jJ_*_l (_jl JSs^ 


r 


)ls 


cy 


SL*~-> c Lo l .z? - 3 *y ' 4 C_) 4_>-j^ 

C0 2 jli- ^y 2 JU_J ethanolamine) 


^_3 ^J) ^JJLJJ Lu ^ibJ I C0 2 jLp J<1 - 1 ^jLJl 


£ 


l_lPx_) 


IJI 


-Ml 


jL*J l_L>- 0 1 ^ jJ>eJ>cJl 


J LwO 


Oij^ 


• l Lp _j Lg_>- ^ 1 wL>- I j*-y S" <J ^ UJ I ^ L^j>- 

A_w<>_S” L/2J I CO 2 Lp jJ jS>zSS <J ‘CwLo^.P > wUjJo 

.oLCJwdJ 4 j j 1 jS>t Jl 0 ^ l— <a_Sv-J I ( jLo*J>-j Ij2J>c_j i ( J) (_£3jj_> L« c 43 U 2 J 1 

g- Ly2-^JLwQ M 1 Jw-3 (_£ y>- I CJ Lo-Lo iiljwA 


^jA 2_*j2J>cJ lcSLow« jl5 L 


I Cj LwL^-xJ 1 ^j-P g- La/2-CLwq M 1 <lU J_S"j t 43 U 2 J 1 Cj LJJaCa 


jLp cj I j Lo CO 2 jLp ® j-C Lw^ ^Co (Filter) 4_^a 4j^i_3 


1 j jJacJ I 0 j^s-wo Js-l ^0 ^3 Cj LcJcJ 1 ojjfc <1)1 M]_ .(^ 

4 j j^>c^o j Lj 3 4j>tJL/? L^jI oUl j-3 jiSi jj jJ^j j kC^>o JL^pI ^\ 

.4jll^j| <U>- lj 


I^MI 

lc>oj 

j* 


jLp /^j>sj>- I j-JLS’ jl ( y£^j jljCj^Ml 1 *j j> j-4-^ 5 ^ 

>x^S y^S 1 S I ajsxJL^ ^lc>o ^cJi <^1 

^y3 JJJI Jj>-jj 1 oSa ^3 .g-lj_gJ! ^ys ^ Jj 4^Lj^P ^ 

^1 JlyL^'yi cjIjLp \ Jr ^S u J^j L« COCP jl ojjS/l 

.cj!j^j>cJI 4ii5j ^Jl ciJJjjj t4j>cJL*^5 J| ^lc>o 

(jl I ojly^ Cj L-j 3 <J tg-lj-^Jl I ^J^CCol Lj 

c ( j .oji^>jj cjjj! Jj>-jj 'y ‘G'y t^c5L j-^i 

^3 <cLo-*J I oJ-A C^JLcCol C-— «j>o I Jj>- 4_J l_P ojl ^>tJ I CjL>-j3 <1)| 

.i'yjJl ^\sa 1 (Oxy-acetylene) 

^3 ^JCwoJ I CO 2 jLp ^0 L jjjJJ ^Cj 4 J L>cJ I t 0 j-A ^3 C <.113 jJj 

0 ^j>cj>- ^J) 4JL)J_kJ ^Joj <C_L>_xJ I 4_j I J_j ^J) 3L*-jj (_$ I jCj-'yi <C_Lo_P 
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jUS C0 2 j l_P J_j J_X_j *)} 1 ^0 4_j 

^jjLJis>z . j tjiJj-ij t^l jJLp-'yi A_JwOwP <J tA_>- «Sjl jJ>5_U 

aJL jJaJ L t oL)^i~*wa Jl ^yljZs*-')! I ojl 





ol> 


rj- 


d_)J_J_Aj 4_Ao_P Ojj^l Lg -i ^Jwo-*_) I 

LxJ I j Ip jJ 4_2 _oP y jj ; d_2_o_xJ I o2_& .-Ls^S^s^S" £■ 1 I 

oLS' y>^> ^3 Jjl 

^ii5j ^5- ^5 JiLiu 

dUi JjULj jI^pNI <jl <~sj>zj 0 ^^ <. 4 j jJJ^oJ 1 

A_^l_£- J j_v 2 j>cJ 1 ^Jo 1 J_> j^lJ A3 Ly2-oJ 1 A_i_i_$\J I 



-laJLj caIj-^JJ J-V 23 




o3l_P 


0 J-S-X-A A_*_g^3 Lv2_j1 
e-l_L> Aj>- L>- j l j_> jJgjJ 1 jJLS”l A-^Lv^I A^>- L>- ijljjk . A3 UaJ I 

(_5 1 j^-Vl Aj 1 j3 Cj 15 1^| Lo Jj Jj>o ^*Ju aL»-*J>- A_-^j 1 jjJJ A^wvJjJ>o o LlJwO 

> p 

3jJJlU A-3 UaJ 1 <Lol j-& J 4-J LSsJl) 1 ^_i_P ^-> ” j-> V Lj ^_L*J 1 

• Lj 


o3ll*_gJl A-J-g-P <J l_LJL~o 1 ^*Ju ^-3 ^ j-£j2-* <_5^ 

A^Loj<J 1 ojjfc .jlp 4*Xg»P jl C A^j^PxJ 1 oJ^S*^! Ala.^o 1 jj 


3 j_3 j ^Loj j_A c_3_LgJl aJ L>tJ 1 o5_& ^3 ,j_S\J 3 j_3 jJ 1 

^3 ^Jo Lg-~o ^ c5 J 1 CfZiJ 1 ^3 <J Lg-xJl~* *^\J ^ 1 j?j>- *)1 1 c-iLJa j (_£j Lp 
C 0 2 jlp <lr° jCj c_^i ^ jJ 1 ^3 ^wo_>- jj>sj A>w^j C^3 jJ 1 

oJ-s^S”^! A^Lg^P ^Jj>xJL^vJ ^g-Px_) <1)1 jj>J-X_> 1 

o^Lp) 3 j3 jJ 1 jJ>cjJ « jU <Jjj>r_gJlW ^3 J^Px-ws^S” ^ 1 ^jl A-o^PnJ 1 

wLw-v-S” 1 <J jl ^j>-3 j-g-j ^plL3 <3^1 ^^5 ^- J>s - <j -^ 1 

?-ipj ^3 jL>c>Ji co jLp oo < 1 ) jjj^Ji 

C0 2 CO jLp ^jj ((jlp p- La ^JjwLoW Lflj ^Iw)_>u1^1j <1) Ij 

L 0^ J-'" a - s (*A; (*-j -Cnr^JjAr* 
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J t Ltil ijjJaJl 

^j-o 1 Ip jLp dj.A*j .^jLiJi ^j-o j^J 1 t^\ 1 o J^*~ > ~ 

Ijjfc ^JSxJ^jj t Cajj^Ij e-Ldl jL>u y * j Ja^Jj>- ^j>s ^v^oj U j5do 

orijy o.lJJ ^—1 J^l J^ry c/ aJ^J jUJ! jUJl 

IaU jS s ^d 1 (IGCC) Ad^p ^a ojjt <u5” ^dl o^l*d! Ad- o-p d)j . (_£^l>o 
C AL<d I ^3 50 ^Jl^P- S^LaSo e-ljj_£^Jl jd jd ^^Aj cl A-s_— w« 

jUdl ^Jp ^d I A_d j-d 1 OjljJl oL^JwO o^ldd A_o jJ Of-Lid 

^lJdtl*d ^jp oj-ili Lgj I ^A c (IGCC) A_J-oP oAjIaJI <!)]_ .^xdd i 

jLj ^Idj 0 £-LaS\J P L) I J_J jd 03 jJ>d I ^/2jl>«Jwa ^C, ^J>cJ>- ^J>t3 ^ j3j 
<LwLo-*J 1 od_A c (. JJaJo . Laa-V ( J^^j>sd 1 ^Jj>-1 CO 2 jLp ^j- 4 J-5" jJ* 

A^>- L>- dl_LAj c (( j Lp ^J|_ AjJ_*d ^jjj y*s>%-+~S I <olp diJJd 

> 

w\—P **5^ df 1 j. ® Idj-o ^3 A3 Ud 1 d I J AaIS <J d~J>d L> Jj>- ^ 1 

. ( Jdd Ad-o^JJ aJL>JI v o I j^>ti 1 jd 1 


J-Aj 


-L_3 jjj JajJ I j Cj>sJ I ( j-« J l-CLo ~L>-j-> ^JUdl C^-3 jJ 1 ^3 

(_^y jl \jj>- < o j_aJ Aj)j C->LwL^_*J1 o-La £_*_<>_>- ^Jp jL>o^M 

A-d-oP J-ww<jJ l ^ Id i -\JL*J I (J % jks>- Ldd-a ^l«AJ (1) I yZjJjlo . A Uu I j )) 

Aj Jlpx-a j i_J»3 A_^>- jjdVl Lg_J L oLd_o_*Jl 0 J-A ^15" I j I 0wL>-lj 


wU_p CO 2 jLp 


J-f- 


t Ij^LvAJLsI 


^-->s-aJ I ^ |JL>t 

A 3 II 2 JI aJ IS " j OjJJj .4_JIp o^-LaSC *\j j-g-5C 1 j^J ^d ^ 

jlp ^jj^>oj ^>cA»- AsU^^! Ajjdjjdl *>_A-.l I5ld 1 (1)1 t <A^o JJ-A Ca L-o I ^3 
AaAS” Jo y <-3 y* ^C, y>zS>xJ 1 ^->&aJ 1 ^ip L> j^S' A3 li? 0 LlJwoJ CO 2 

A_^JwAJl 1 1 ^^d-P ld_A JwgJL*_) J C AiwO-J 1 ^3 1 0 0 J 50 d° ^ C j-gdd 1 
od-A <1)1 y* jJ 1 ^J-Pj j3 1 AA-lS ^-1-Pj AjLgjJl ^3 4^o wL>cJL^vwoJ 1 

<J jJ>- j-OwL> llS" 1^| L« (JjLw^jJl ^jJaJ Lgjl C Aj j-A jJ>- c_A-J L^d 1 

^ j_>cJ>cJ 1 ^_P-c_aJ 1 j^Ua^ ^ 1 Lj A _^0 IjJLoJ 1 A 3 U 2 JI CJ L>- Ljl>- 1 ^J-^APxJ 

^il^l (l)j3 yo ^il j (^l_i2_j ^i_P OjdljJLoJlj A*^g.,A>cJwoJ 1 AA_l5vJ 1 ol) 

.(_^j^>Jl c_idl-*Jl A^3jJl Ol jLp 
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<LaJjla .1 .7 


j3 Ls^Z-J 1 dUu 03wL>eJL<aA I A 3 Q 2 JI J^Lv2_^ 

A_*_p L*_Ju^/ 1 A3 II 2 J I L> j-& jj>- AjllJL<>Ji c A-X-^wJaJ ' ^3 ^ ^A 1 

A>c_s^> I I aA^-o \ j3 Ls^oJ 1 oA»& y<±.+J?Zj .^y2j*)}\ 1 ^vwo-J^iJ 

t ^Ij jJ 1 A3 ll ? j A_*_~^_*lJl A3 UaA I olia_>c_^j t A_o Lo j 1 oUaj>*_x>JJ 

oLLLJl JJL« cJ^LlL a^Sfl ^1 ^U>)!L 

JjJLjLoJ 1 <J j_j IJLj^M ^JJLo {£ j-^>A ^ 3j_3jAlj l9 ^ aA-jUjAI o^wLpxJLoJI 

A3 LlaJ US' j3 L^ 2 -» Al_LA C dAJA ^Jl A_iLv?| ^Jws-^? L>C_^ 

> 

1 1 ia— >c-oJ i Sjl j_>- caL>-j 3 (Gradient) ^jJJ A3lA?j aj j 1 ^>- j_^>Ai 

Aj 1 Aj j I ^>Al A3 U 2 JI 1 J->- 5 CaLwo^JI s Lo_£3 LaUo 1 ^Jo 

^ y^^Jj>z^La)) ySjilzS l) Law2j C O L]g.->c^>J 1 J 0 j_JL3 ^3 

A>a|jJL~*wA C^wJ A3 UaJ 1 ^j>s ^d jj V I oAjfc <jl ^s^ljJl Aj! ^_Pj 

^j-o^Lo AjwOj 'y Lpx^a UA->- 1 IA c ^JaJ L> . ^JjjJaJl (_£_LoJl ^Ap jfclJ 


A \ > s 3 ^j-vwOwJlAJ A_*_P Lx_Jo^[ ! A3 UfiJ I I ( Cj I j LL. jl) 

LJL>- ^3 Lms-qJ 1 oA_a wL>- 1^ ALla ^»vwJ IA 

J^SsJ ALA Lo 1.P jj j_A ®3Jj>6^o® ^w2j t Aj _L*j . 

jLsj>-'y SjAIjJL^ ^^JLJ l)I ^AjJLAj ^A I j3 Ls^Jl 

OljJwwAl Ob-« A Ja-A3 ^vwJj tO^/l AjwO J^JwwwA 1 C-i'y'y ( Jw^Al,wwwoJ 1 

^o3wL>cJl< 3J 1 j_^p® A_^-vjJ L JUJl j_a U>-S* c aJ LA 1 aLA_aJ 1 

A^>- 1 ^Ap- OwL^JL^A I l Aj^j 1 A3 UaJ I jj2j>- ^ I 3 ^3 LS” 

DL^I O^JLP 1 t(_£jjjJl 3 j_3jJ| ^3 A 3 Q 2 AI ^Jl J-AA Aflw\j>cJL^vw<>J I 
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<J j_i? I J^aj lJ t>L>- 0 j3 1 jJLa ^JLo <-) 1 1 ^j- 4 ^ ^ O^J^PxJLa 

4j j yS 1 A3 LLaJ \ c_3 j^> • (_£ J ^ 1 3 j3 jJ 1 ( J^a 4AlJLoJl 43 UaiL 4jjlJLa 

I J t ft <La 1 JjLs^woJ I )) 43 LiaJ I j3 l_v 2 ^a Ll^4? £^Jo Lg_j| 

(_£ ^_>-l 4 _^^_>j cjIjLjlp! .iJ L la .^LJl ^J-v2_aJ I ^3 ^*jl> t >— 

^J^SL^Xo ^jj L^a 1 J_>tI_^A> I <jl ^Aj 4^a 1 1 43 LiaJ I <Jl5w>l ^a>; J 

IjLiJ (_£ j4>cJ 1 ^J I ^Loj! ^3 ^*-~l? 


. CO 2 jLkS" 4jU3 jJ | 


^vwJ ^j_$\J 03wL>cJLoJl 43 LiaJ ' Ly2-a ^._lg_*_p_] 4w<> ^ a oJ*^_a ii l_LA 

OwL>- jj SjJ jJLoJ 1 43 UaJ 1 ji ft 4->,^.i.>cJwoJ I 43 1 L j 1 43 LlS” ® ^A j c 

LgJ ^L ^J 1 43 Li? j 4_^-^<>-jJ I 43 UaJ I ^jjs L)j t ^LLo . ^Ja_**Jl 44>-L~*wa 


43 UaJ I 


Lr 4 


o L«x>_s* o T 


ur*i 


La 


43 Li? 4iLlS” 


<1)1 Jap^t>LoJl l j^ 3 J ^Jgoo» 4 j>- L- vwa (J^ L/ 4 ® 

oJ_A ^3 Lo-S* t4»oLaj j_£_5sJ 1 43 LiaJ I ^_43 C La Lo— > ^_*_>t_*/? ^__P 
^^oJLaJl 4jL«_J 1 ^Ua_> ^*wo_jU 1 J^a 4_o^ 1 1 43 Li? CJJ-SLa t 4 J L>tJ I 

^3 SjJjU 1 ^J_P J j-»^ 2 J>cJ 1 ^Joj .43 UaJ I « ^5* J^a ^4> j V 1 4_^3lj_*J>-j 

4*gJ>c^aJ 1 e-LoJl 4 I 1 S* ^3 4j JjL^oJ I 4^aLSsJl 43 LiaJ 1 ( J^a AoLaj j^£}\ 0 L^Jw<>J 1 
OjU^f ^wbLjL~J ^^Jl ^2^4^) £_Jj j-a £3 j-a ^3 Owb>- I jJLoJ 1 

^4>j4>*Jl 4JJ>*J . LpUjjI ^3 1 oLjJL^vwa JaJj~*J La JJ-P O LwO j jj 

> c- 

5 Lv^a j3 ^j«a ^<)j>cj ' j Lja-a'bM oLwa <J jJa«A 4^>c^Jo j! j>^.L 

3 J_scj jL^j'yij 4^-X-^JaJ 1 L-Slj^-PxJl ‘La.^al jj jJ>zJ t 1^3>- 


C 0 ^-^‘ ,l L^a 4 _^vwo-»LJ 1 


43 U 2 J 1 








]1 4_>- L^a L) V 1 J->- 5 4_>- L^a j3 1 jZLxJ 

^ I ^1 ^jljJl w^-^J I ojJi j\ (.(Insolation) 

i^C, j->cJ 1 c_3 ^>LiJ 1 L>- £_> j-<>J 1 jJLoJ Lj .1? 1 j J_L_S“ 1.37 1 jJ>- Ja A 3 

4 ^L*_Jj^/ 1 43 Li? ^j-a c_3^>LiJl ^4? L->,^.l.a 1 .^jyaj^LJ 

1 L -^1^ 1 ^^1 ^^>La.P 4_^3 4^<>-^j 1 o3»A 


ajJl 0 jJLaJI 


-J 




Ly2-a 1 0 4 _)wL*Jl! «L^3 LS” O j J_LJ 


fj-d Lf 3 

0 j_A . jLiL^Jl 



132 



4—j j-ygJLl joLl 1 oL^jJJl l)I Loo t Ja I J 100 4JL3 .joa 4_oL>j_g_S* 

o-LLloj o I ! 4 ^_o I o Lwo ?• L I _lJ yS 4 ^-L>cjL--o)J I 

4a- jJ .j-a Lo jj» I jJoa d)L c JaJz3 4o>J I ^3 1 0 I y>- o* LLS* Ja-o jJoa 
^jo ^3 -Lo- j j-O 3 ^L_o2o3 4j-L*o ^J_P 1 j 3 li <J j_5 Lwo 4-o j_o2_lJ j_3 
t S j3 1 jJoa 4 _— -o~LJ| 43 UaJ I ^JL-13 4 -ooL*J| OljJolJl (J *)La- La! .jj>c_o^ 
^-ki L J t jOt..^) I O I ^3 ^3 4— Lp Lo-a jZ&j ^3 1 (J j5o Lg_XSvJ 
Llo ^oU I 4o— 3 l)L l-lSL&J .JJJl (J *)L- 0 ji I ^oa 4_— — 0-0 43 LL iJLjfc 

^J^l O^Uo ^a j Vl ^Ja.o ^lp 4la3l— Ul 4--*wo-jU I 43 UaJJ (_£ ^-w*J I 
t ^^-vwo-sXj I ^Loi^M 4_o— -3 ^J_P ^LoJLP^yL Lg-Jl _j LL oU I dJJu J^-a 

j J3 C *}Lla .J^--L>s-oJl ^L-oJl J ^<a j^Jl Jaa- v_-_-o>o j~S ( JULo j^oj 
^»lp o-L>LLoJ I oL^ jJl ^3 o3-L>xJLoJl 43 U 2 J! o^L>o'y ^-ia jJ^ j— >s-oJ I 
O lo^ jJ I ^3 4_^_-vwo-LJ I Li Lla_U j_L-*U I Ja-o jJLoU I 4_o3 l) I 2005 

Lp Lo Jal j j_L-S* 4 ^Jlj_a- Lr° l^-o <J L>oa ^—*-0 S-L>ejLoJl 
j-L . S 7 ^Jl^a-j <.4-<oLiJlj LUL^-jUI jjJaL-oJl ^ ^j_JL ^j^oJl ^ioJL 

4_o j£* o’ ^x_] I la LwoJ I ^3 ^ J lo ^0 ^-o-J I ^ Jwo-J lo 4_p Lo Ja 1^ 


^lo^/ JaJL 0 j-oLoa 


43 UaJ I 


r 




. 4 jjL>«jUI 4-0^^ 4— lSL-U I 4— o *)! I ^j3 4 J 3 -LlU Lo2_jI j ?-Lj_g-^Jl 
^JJl ( J-o 2 _ 4 Jl 0 } 3 | t LLSLLoa La L p j_i o l— LL-ioJ I o-La 4 —Lj o-LSLo 

j 3 I jJ Oj-^J I 5 jJojJ I ^03 o3 Lp ^j 3 l^o 4j_3 JjJ I ^J| 4_-3 ^L_>o 

O-LpL — ooj CoU^ .LojJl 4JLo-s3 -U-P 4-s— - o-LJ I 43 UaJ I 

43 UaJ I ^j-o-*XjU 4-o—o 



4-o I 


J' 


L 43 UaJ I 


Uij^ 


jiLo 4>j^-Jl 4^iJcUl olAkoa ^5 iJliA t (Passive) ((LiLLiil 

.4— ooLJl 43 UaJ I ^jA 4-Up (J j^ 2 >U I 


^lp 4v2jli«toa 43 U? 43 LSo Lo2j I ^L j} I L Ua J ^-00 t ^Jj Lo*a ^J^SLo 
J3L02-4 Lg-J-U ^yUl 4 jj_aJ| ^LjJl 0 b ^jS'LaVl 3 jS>-J i j*a ^£> ji\ 

(J Loa ^I-\U^JLoL C oiJU-S* .(_£ jJ>- I ^Ja LwoJ I ^yi jJL 5o ^J-P I ^Uj 43 Ua 
^4 j ^L j] I 43 UaJ ^ I Ja-o jJLoJ I jl C 4_-S” j-oa V I 0 -LaxJLoJ I O L ^ jJ I 
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^3 -tlj 200 yA J^3 1 ^-0^1 0~U>- <J l_Px_>3 y^-*J? 

yo ^.*5*1 ^J-P ^ 1 o Jw>- j C J-LJ I 1 2_& ^a 4^9 j_JLJ 1 — L_> jJ_>cJ I 4-tfJaJwoJ 1 

^LjJl S j3 ol L>_>j JL^r 4jJao ^3 j>s Jalj 800 

iw^vJ I ^ ji I £4 ^Jg-wQ yO 4_o ^jjj 1 

JJ-P jL_x_d>-S* oULJl a Jut Sj>-\ t^Lws^j^M 4 j J_>cJ 1 4-oiaJ 1 

5.6 I ^L> j 4P J^o Ja^» jJLa ^0 1 jJo 1 (. 1 ^La 50 j 1 

43 Ua yj .^LpI <Lj 111 L> ^la 8.8 lj_>- ^j3 I Jj>zS 4*u 111 L> 

C <L^_^w<)wJLl 1 43 UaJ 1 yA ^U Lo_> ^J3 1 i^J^J ^ 1 ^Jg-»Ai ^J_P ^U 3 ^ 1 

oL^I jJ 1 ^3 4_J L*J 1 jJ 1 43 Ua j3 U,<a..a oU-^>j>o l) jJo l)1 y£~<yj 

^3j ^j_J_a- L*U 1 *^kS ^J_P 4_wvwO jJ 1 ^JwOJ>sJl J-SJ yA y& 0wLw*_> 0wL>cJLoJi 

(Great o ol j-w>s-Jl 4jjJa_La cl jj>- jJl — 4_o j_*Jl 4JLlaJwoJl 

. Lakes) 

s<2j11j k_3 l2_& J^a 4_L>- 'J ^ L-v3 I ^3 

43UaJl J^a J5 ^Lp ( Jc>- 1 J^a 4 _LLaJ 1 j^l-vS-xJl 

i j jJaJ J 3 I oL^>-jJjJ-5o t 4^_a~ Ij j] 1 43 UaJ 1 j 4 -*-^qwJL1 1 

. 1 yA yS> Ua yS* ^JjULl 43 U 2 J 1 ^1 y>£^» <Uw<w2-a 


31 SSUaJI .2 .7 
*dJ I^JI 4^-w o CJl SSUaJl <uJaj I .1 .2 .7 

L^a I Lj I di UaJ I ^ 1 ^ 0 Jj>- I J d^j Jli Lo^ 

d_J^4«J I d_Jo dj_3j_lj| cCjl y>^ I d_9 UaJJ jJ -,^ o Lwd 

(Rankine) ojjj dL^SUl J_J jjJ jl tCjl^iJlj 




U diUaJl 


l ^yA 0 4_«_dJ^S* 


1 Lo I j U5 . 4jO_L<2jJ 1 L j L>c_J 1 


j-*-l 1 2? j-la_>- ol-tJ-j ccljLwoJl ^3 4.^0 L»Vl 4 j>-1jJ 1 oLwlJaJLo 

4l3JuJJ ^d-oLwol 43 Q 2 JI oj-A ^Jj>cJOo 4 j 2_JLS* ^Ja.^ jJ 1 

4_*_~^<>wJLJ 1 \j> UaJ 1 ,+Ja-j y-A ^ 1 1 0 |j . e- IjLs^J 1 j-gO I J t>L>- 

ojufc ^1 i^jJU (Passive) LlLiJJl y*s>j (Active) ULiiJl LjjI^^I 
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aS UaJ I j3 *)i I ^3 I J^S L^2_jj>cj ji jj j I O LiLwJajJ 1 

AJa Lwv-o Lj LLdJ I j_^P A™^lJl A^3 I 3 j_*J . o3wL>eJL<>J I j_^P A_~*_o 1 

A 3 U 2 J 1 ^aL* 2 _Lal *-LwJl A__L) ^SLaJ ^^Jl 




ll! 1 C3 LJwj2_) 


C f- LlJL) I 1 ' jLgjJl CjLpLwo (J jLa*- jJ _3 ^_-_S*L 

j3 Oj 15 1 Ojl jj>»J I jLSLa (( Aj I )) LiUaJl o-La ^ I Jj>cJL^o 1 

aJ^ai I jj j \ t (Jj yis^ V I 3 j3 jJ I ^Lp 1 CaLL>*_v*Jl AJa.^1 1 jj o3Lp 

C^->cj Aia-^vj jl Aa<ww2j jl^3l iJ LwA .LoL^£5jl CjULpx-v^JI 

^_Lp La a_JU-^JI pLlJI oLf>-l j ^_Lp *Lil jjJl 
LscJjI J^a J^SLo^a j J_i j^S* I ^j->- J_> «^_3 j^ai ciljjjj t Lu I e-L»Jl oL^j>-Ij 
A_J->- ljJi jlj-LaxJLS” e-ljwJl Llp >c_aaoj *LlJI ^Jl 1 

.c_3 ^*Jl 


I I w\.»A L/ 2 j I ! 

.S^La (Trombe Walls) ^-*jy <1)IjJl>- j»I 
c_ LL>- A P ^-'A 3 ys* j 3 L ^L-Ua-fl j A_JCw<>-aa>| 


v2j j l£il *1 


r 


4 _L«Lsa> ccJLx-aJI j_^p 
03l_Pj C aL^2j jlj_\j>*Jl OaLa 


jji I ^a LvaLa *y ^a L>- La I Lo jj^>j I a^j>- I jJ 1 ^L>- j 

A_™o^Jl A3 Uaj I oJ-A (^^Uaj. ‘‘LJJAjj t^vwo-JLli Lxjol ^J_a /^SLo^a 

^ La I ^La-jJl ^JwO_x_) .o_\_P CaLpLsa* J^a Cj I j-13 (_£-La ^_Lp Lj j 1 jJ>c_! 1 


Li UaJ I 


Lr* 


J^SLowa Jwli J^S I 






L>Jl 


j|j_>cJlj ^L>- jJ 1 ^j-— > A_>cJL^J I j-y£* LIjJ^LLj ^lj_g_L! jjwLx_)j 

^3 LgJuJ^>0 I Ojl^>sJl jjljJl ?-lj_gJ! ciij3 J-XJ . ^XL<>-AA>^/ 1 

^_X_>- jl i L_3 J_ij| ^J_«a ^ cr^i L-^J Ja_jl_>Jl 

^_i_P oj3l_3 <uLjLg_Ji jlj_Px_Jl 0 j_5Ljj .(JjJwo_Jl ^ 

(J LLlj *)! 1 ojljj>tJl jl Laa>u A_3 15 Ls Ua l.A^.la 1 

o Ij— ^ >cjJ I j| ( _5^ s “ .^vwo-jjl ^ .> j j_p Jwx_j o j_p oLpLsaJ jJIjJI 

S» f, > 

<JjL>- L-SLo La jj j 1 (> j_Lx_j L^jI c^->s_j ^L>-jJI ^>-13 jj Ll^ 7 

1^_pLx>aa>! o3LpL ^w^Iaa* C^olS” I Li UaJ I o3jl_Jl LJJ I 

.oJiUl 
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!_£• O-Co A^~~o_L oIxoxjj Jli-iil ^^vwo-sXj I 1 ^ 

jj_Lxj jj J_> j^>-i ^JjLwo jl e-L>Jl j^»c_wsjJ c a_u5wJ I 4_Jj ' y I c_aJL^> I ^Lp 

oL*JL>e_^Jl ojjfc L*/2 _j! .*LJl yo y jS >- 1 *lj_>-l ^3 

j^3 yS c ^_S” L~*woJ I ^3 y>- L^vJ I *■ LowU jX^a^S aLp LLl I 4_*_-*w<iwJLJ ! 

A_2-Lw~*Jl yS>- A_U_J>- ^_3 J . A_2-Lw~*Ji ( y2 j_J>c_J 0 J-X l_wO Ojl J. J>J 1 

^J^xJLvvJ Lg_j V Aj 1*C>- L>- ^J_SLjA> Ca L a— JalJ 1 o-L& 0 j^sj c c_3 j_caSL>J 1 

J^_>s 1 A— 1 l) LowLLP AL3|jJl C_j2_*_v2_)I j-^-X I (J ioLp 

^ ^ ^S»wOw^»i-l I Lr^_] I ^-11 - 1 I I Ljo • 0 j3 I ^ I ^ 1 _x_***j 1 

! J^UJ I^LgJ AaJjLjl— >5 (_£j 4>"I A3 IL J^Ls^yO AaISL f-LjJJ 

oJj>ACoJl oL^ jJ 1 ^3 c *)LLa - ^ IjwJ I £3 j>»J t JaJ ' jLiJl j e-l j j^£S\ 

^3 ^aj^-'yL L—al_La ajj-L^JI l j r &\ I ^ws-s- *— iJl j_-jlx_j 

jzS L>«^— 3 x>- jj ^j^dJ 1 1 JjjjJ3j Loj^jLilS” ^Jila a_wvwo-sL^JI cj L LI jJ 1 

kXj ^ A-^ 1 1 c.3 L^— <wO— 1 I ^ . L i x_a ^3 • A3 ^ »-vi ^Lo~ 1 1 Aj>- Lwv^J ! ^ 

>c— *J y ^jo caj>-Ls-vsJ1 j \ jUJl ?-L>JL (JjLwoJl 

o Jj L~— a A3 Li? j3 j— 1 e-L 1 jl JaJ ' jLiJl ^JL«cJL~— ) J_L_Aj e-La 

3jUl ^..v'^L?] 1 L«wUp jl ^jUJI ^JlLJl <J^>L>- 
^j-SLo-j t o'y L>J I j-s-LS’ ^ tJL^ ^1 .jL>Jl aLJI 

AJw^j ^-La ^i_P Aj^LwLd_lJ 1 A3 LI 2 J I j3 l_v2-^ A_fl_i_S" *>_i?..>,^.) /^a I j-^J P 
jl . 1 JJJ 3 Cj'yL^cJl y2-*-j ^3 j l A_*_~w<>wJLJ I AiUaJl 

c (J a] JJL^-a Lv2j I 1 ^ UajJ I AaLSo 

(Financial Payback JLJ1 ^Ij a^jJI SjJLaJI j j_ 5^J jl 

Ajjljj>rJl A-w-^ow^Ji A3 Ua J 1 ^J_x_Px_) Lo tOlj_L^i 10 Lr 4 c^' Time ) 

.Lu^ iji 


A3 LL oLstJwa (( Aj J_^S" jjL 1 A^^jJl O L^-x»sJ>c_^J I )) l)} t 1 

S^5 oLpUa^-s»L e-b^^Jl J-J jjJ o3 Ip ^JjLjUvJ c a] 1x3 Aj j 1 y>- 


Llj^oJl yo j^S I jl 0 Jj>- 1 j olj^a A^oJa_) *y 1 oJ-A 


- 1 * ^ J 


A3 y>^° aL-Aj A«w^vwo-LJ I A3 UaJ 1 A*_J< I ^j>3 Aa^p- yS y] A^S* LL 1 
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.A_JLp ojl jJ>~ A_>~j3 !.} A_jj 1 j->z-}\ A_3 LkJ 1 i j J_y2— j_3 j_j 

ijwLs^a j_3j_j <31 © Aj>- L^vwO j-S Lj 1 1 J^ja j_ y-_S* 3-A_P I wL>cJL-*i *y 

^1 jl *LJl v- 1 ^' SjS'^l iiUaJl ^ L~J iiKJl JJi 


CiJjt, 


:\^\ *J 


u 




ciU^ _L*-> C ( ^Ss-x>-> .A-Jbp Sjl j 2 >- A>-j3 j3>“l ^ 

La| t aJI*J| Sjl ^>*J 1 A>-j3 Ob C Aj j 1 j^til A3 UaJ 1 


^o> jb>0 jl 

^Jo ^ 


.(Stirling Engine) 


-» il 


J’ 


,UJI 


AjO-LjIj Aj j L>o X J o LOo ^3 A^a 1 


J^a \>X& ^IO>Ox! l ^JgJ \j . L) j^_S* -ti Ojl^j Aj LgjJ 1 ^3 

£ja c Jails j LgjJ I O’ 1»P Lwo (J Aj j I y>^ 1 A3 UaJJ jJL^a LxJ A^oJaj ^ 1 

^ LiS-i ^J_P ©j-^-^ 3 l A>oJa_i V 1 ^/ 2 _x_) <jl ^-L*J I 

o I 1 (J ^k>- 0-3 jJ 1 ^y2 -*~ 3 * Li 1 J_J jjb j I ^wi 'y 1 Oxj 

Oollli jO^Jl t— ’ jJJa-oJ I jlS* 1^) .^JwJJl ^3 jl AOLiJl 

1 i j r » LiLop-l LoUaJ l v ? j I dlLS^ c-JJajj jl i jSL<^-i SsJJ 

(A> .A-aI*J| OjL> 1 aSwXJI aJj^*^>J I jl aEcO-oJ 1 O’ Ltf-wJal! 1 


r 


_LJ 


j^3^xJ Jalo-I 3 j3 j5” ^gJCwJaJ 1 jUJl ^^JlP wLOjo ( j*J>zJb ^UaJ 

5 j^SsJ I a^_o jj>ol 1 olooJl ^3 ^JwJJ 1 <J *yj>- 

l_>t_ja wL?-i jlj . 0 J-_>cJO_J I oL'y jJ I ^_3 j_J 1 AjLp ^Jl A_0 LiJ 1 
0^13 <1)1 j-A 0jL>cJl 1 oU-bwJl ^3 A^*wo~JL) 1 A^Jaj ^ 1 ^ 1 Jj>Owo I 

k^-UaJl 0 Jj3 5 jJL3 ^a ^ Jj l_Oa ^J-5 \Oj ^j3 1 jJo ' J-JjhJl 

Si jjn ^ 1 J-PnJO L 1 A-oJajl ^1 jZ3 1 L?jl J-3 j .?-l j_^J 1 c_^-ws5lj 

<^^>^1 A_ki. j -Op «^J^o)) iJ (Parabolic) ^Jai 

3*^b-Ji ^3 S 1 A^wSj I O Lx^j>oU J^-woLJ 4io>ua AAj jbS 

^Jja 0 I 3 ciXlj ^\ A™JL Ly^ J. «/?.>- CA_yabJl 

. 1 1 

o^yi^j ji A^ya j^o>- ol^> jJa c 5 ^b^Jl bj 

O^U-Lwa ^ia_*J Li j-oJ I ^j>a oli a ^-Owa j^S" I O I O L>o 1 

O-Jj jl AjjI jJ>z-*j3 <Jj jJa ^3 QjI 1 oj_A f- l_Li 0> Co 
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L»L^>I ‘LoJaj V 1 o3-A y j . Lj>- jJ oJjfc jLjip*-')! Aj j 1 

^jj)) o ^5o Lo| ^ yx<Lb^>ej3 y^y ^ I L> L^>-jJjj^x]| oAa 
oLluJI jJai I <yS\3 jl ^--vw<>_sXJ I KA 3 Q 2 JI 

Cj 1 Jj>- j j! Li j-oJ i y« I j-~5* l^-tP 1 A-iUaJi ^y '*- J ^ Aj j I y>sJ 1 

A_i_^*>\_» ^^.Lp ojJLl^Jl oli (Heliostats) oLl^j_Jl^JI 


A_o3 ^i_P 3j_>- J-^ 3 ^J»P <d*^2*Jw<>Jl A_x_Jo j5" y ^521 L^5s_o La jjjl 

A-ja-^o 1 y> (JL>- A_J l_P o^l ^y>- Aj>-^) 3 | I y^x-^u . y yS” y>J 1 ^ I 

*LJl y yJJl ySydl JUJI ^l*_d)M 

a^_^i JLUjl<>_) ^_La y^*_**jJ cj * y UJ I ^yL*j ^y j I t o yi> Lw<s jL>t_Jl 

y .yylj ^Jj>-- y 3 <y *-La 1-dxj Aj j I y>*J I AillaJl o J-A j^S*I 4jj^ y - 

aj 1 ydLy j oj y ^UwoJ I j l_>c_J 1 yo tyjJL>sJi LlLS” 

) ( 1 7 ) ^JwSs_aXJ I y_^o . y^ Lpx_j ( yo^ y> A_la-w>> ! yj ^ I^L^a aJ ya 
yjl (Solar Two) A™*dJl iSlkJl oLtj^ (2005 - A^yVl AilkJl 
(Barstow) y^jL A_y_La ^y (Majave Desert) cJy^la *lyw? y 
^JJLJ Li - I ^c-L<>J I o LsXjwoJ I o2»a . Lo^yLJ IS” ^y 

A_*_L»j? V I A_™^_2J| o LjUwoJ 1 yP aJ JwX_^3 4^-c_^vJ (_ 5 -Aj Aj j 1 y>»J I A3 UaJ 1 
?! > " 
cJJcd .jl>cJl ^bu^/ ^yJl y ydLa *LJl y^-~J yJl (Solar one) 

tl988j 1982 yip yy (Solar One) yL^SM oLLl<JI 

yLo JjJj .A_~^aw2wfl A_^J>- -Wlj L*_~o 10 ^oJa-P ojwLij 
A^-vw<>»2J 1 0 LZJwoJ 1 y ^ -b>w-vwgj I y_*j2^woJl y>tT<iJ I Aj j 1 y>*Jl A3lIaJl 

(J^\->- (J Lo-xjLs^ 'y 1 y° a 5 UaJ I yjy>o c (Solar Two) 

0 LjUwoJ 1 oJ_gJ Ul 1 o-ol Ji j .^JwTJl y j a^jUJI caI yiJl 

5w\_jl_fl_Jl 1999 ^Lp ^Jl 1996 ^1 _p y_jj oljj— ^ <2 j^>\»j y j_>3 ^_1_p 


L 35 I 


J' cT" 


^>-1 yo A_la_>- ^jLjJl ojjii O^lj .A3llaJl yjy>o A_x_-^ ^Ij. 

(Solar «a2JLi]| a_*_~^<>-JL)|w oL*iJwo tLoLww»»| ^y <lLjLow« SL^Jw« 
dJJi cJl^ ASlkU SyjcJl aJLJI aJLp^I jl tTres) 

AjjUxJI oLLuJI 0 JwA Cv^wW 5 J3 j . Aj 3 l ^ 1 *^J>- bJ 1 ya dwo Ujs 1 j Lj>- 
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c Jalj Lx-wo 40 ^oJa-g- a_£ Ua ^JjVI 

**lD Aj j L j-g_v2JwoJ I ^_LoJ 1 AJa.^» \jj Ajj I ^>sJ I A3 UaJ 1 Jj>o 

c_j2_^_vaJ 1 <J^L>- ^j-Jl ^^3 A_g 24 o_LoJ Jalj Li_wa 15 ^j_o j jJ 

65 ^ y^-i iS j~~“ (Capacity Factor) (ojLcl^I) J^LoL 


. AJU*J 1 


i 



Solar two 4*y£ j£\ ^5 UaJ I oLtia : ( 1 —7 ) JiwJl 

.DOE I 

Swb>tioJ! oLM jJl ^3 <1) 1 <, o y>c ] I Jw3 oJ>l L>- jJ jJ^Ssj ii bj& 

A3 j yA,,«/2„A I jJLoJ I ^JujJaJl (J jjjxJ 1 o j-^3 

^i-g JJLoj ^JwJll~*w4 t. J j^j I L-5^ I A_*_Jo I y£ JLi ^ j_Aj £^3 ISO* ^Ja3 

I jJaj L>- jj o j£ji] 1 o J_A t, JJalj *y .A_3 I AJaiJl JJ>g- 5| ^ J 5 


^ <J1 j-^ 1 /^O o ^19 (J ^\j>- 4_U_*jjJ I ^ ^j>sJ ^ Ai UaJ I *LwvJ j_& ! 4_*_*U I J*a L*_a ( ?;? ) 

. Lg.^»a.) <UXajJl 0 jIaJI LgJjwiii Ua^x^Ul La^XP ^ ^J>U ' 
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.(Kramer Junction) j* ' j* aL^j 4k^ : (2 —7 ) JiwJl 

.DOE ! 


> f- 

jL>Jl ^ojJi £jLJ| A.L o I jl L AjjI jj>cJ I A3 Q 2 J I (1)1 

A3 j.A,a/9.a <J j_L ^i_P oJJL<jw<>Jl UmJ Lj ^ 1 ^3 £3-L> (_£LJl ojl ( J^3 LJ I 

CUj jJ 1 AjjI jJ>sJ I AiUaJl j I . A.Ja_>cJ 1 LI I 

a^j L ^jLJI j L> c>J I (1)| td)LJj«Jl Aj>-jjJ e-LoJl jL>Jl 

LI j>J ^wo^>- uW? ^*Jo .AjJ-J-Alil 0 j j3 I L £• L I J_J 

L^_j c (J L<jw^ j ^_>c_>3 (J ^.Lp ^3 LSL<J I ^Ja-<aJ I 

. «w3j^Jl I *L>_~*Jl j I i>cj I I LSLjU y j\ 

I I Lr^_<) ( J^>- 1 I t ^1 ~p L l^r^J I r ~ o 

^j>9 .iiLjfc .^ip^l L& J>>- AkilLJl A^w^vw^-slJ I 43 U 2 JI 4~oS ^3 

L&jLj (SEGS ) A3j ^*^<>Jl) e-L j-^5UJ ojJ j*oJl A™*jJl A^oJaj V I ojjfc 

J*l j Li-w« 80 14 LgJLP OaJLwo I ^jljJo 1 L> ?-I^j>c_^ ^3 

^Jl^>- A_J l»P A_oLj_^_S* 0j_\3 ‘Lx~*Sj>z~a A_oJg.) ^ I oL_& ^3 jJ . ^g-y^3 1 Jj>c_S* 

.oUJl Lo jjJJ15 aSL-J> L^JLwojI t-Llj Li—a 350 
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4o L 0 j.A3 J_J jj > oJJUjj C ®4La>sJk)) 4Lo& ^3 ^ys^UaJ ' jl_*Jl 

0^/1 ^J>~ yS\J t jUJl JJs_P jl oJjLowoJl 4<o L*J 1 Ca I jJJjJi <J^L>- 4o Lj 
^*J o 4>CA<>J I 4u L j_£^J I iSlkJl yo 4o>Jl ^3 75 ^^Jly- iJLjfc 

^J-sl 4sJLjj>-j 4 a15\j olka*-Jl oJjfc J-^>Jo .4^*woCL)l 43 UaJ 1 yo Lg_a-Loj 
^JaCvo Lgjl CC~u -A3 j t I Cal3 4^~*w<>»LJl 43 UaJ 1 olk>t« 4<US* yo 
jMj 3 0 . 12 J cl^ ►_C ojJ j-4 4_olo j_g_ S' oj J_3 ,y 2 _>-jl Jo jy 

4 Loa^ 4 laj>c_oJ Loy>- IJyCos (2 7 ) I J^wo * 4 pLo Ja 1 ^ yU^JJ 

J jJLo ^Jl fi<j jj>J|)) ^jJ y> J^ooLJl (Kramer Junction) yl J 
(SEGS 3 to o 3 jj£~o Ca Uaj>c^a yo ojU Lo Lga j oLwO>- t Lo j j-J-U IS” 

lJub ^JL* .(US DOE, 2005 ) Uj Uy 150 JU^I SjJJ SjJ J 7 ) 


L>-S”^ c o3 yCo>U I 


Lyjjl oly-Sfl Ji JiLcJl 


(Jy>- 4^3 y>r_x>J I 4 I 2 - 4 U I (J yia ^i_P I JjJoa Jjtl**o>J I t, J yj ^ I 

.4™<oAJl 43 UaJJ 

4o jyad yii I 4^wo«jU I 4«o L y^5sJ I 43 UaJ I JwJ y .2 .2 .7 


c?^ r* 


4JJI0 


i—A.*/?.*) 3lyo y 13 (PV) 4o yo2jJ j_JJ I 4^~*ooLJ I L*>UJl 

1 ya Ca l2 j_j j-UJ I 43 Lia Jo_jCLwO ^-iJ I oilJo 

j_o LU I (_£3jjo . Lo lo j ^ S' IjLo ^CCcJ 4_Uo>*J I ^_Lp Ja_3 L^vJ 
LoJJP oJ jj2_o3 Ca I j 3 yp 4_L^2-4 o> CaL J jAL^J) J-U jJ (Jj. (J j-*,<a.ll yjJl 
oUjfc oLya- J_) jo o3j_o j c 4_Uo>cJ I 3 1 j_oj CaU jJ jJJl oU_& ^»jJa_o 2 o 
0 . 5 (_£-Jl j->" (4_cJ j_ 3) J-goa- <oLoJ I j_-_P ^0 Ca lo j jJlSLJ^/ I 

4jwLijU L j Lo w\_J jJ lU_A J_^_>cJ I j_3 ^JaJLwO 0 AJ 3 Jw*_i . dU j3 
^3 4^ I !.£■ I o3 LoU I J jiLLJl ^ j JoO>- 

jyJ_o ^UJ L o^Lp 4 oLo| ^Jo ^JJl C 4o j_o2AJ j-JJ I 4^-vwg-sL] I L^L>tJl ^JwQ2j 
S3L0JI ^yaA-oo LowUp 0 y>- Ca L j jJL^Jl (^^Lla) <J Lo-^,<a_] 4U Lo« 03L0 jl 
^JlU 4 L 3 L 4_o 4So_o Lo 2 _> I L *^L>cJ I JL-Jo j . 4ia3 LvJ I Ca L jJ j-JJ I 

4a- y vC~J>- c oy>U I CaLj^X^J^/l yo 3w\p jJI Ja LcJ I Lja-oljj 

yo 4^Lp ^5”^! 4 ^-vw<oLJ| L^UJl ^A-o2j .^y^jLLJl ( JwoJ>tJl Uj^Lxj 
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O-oJ OwLsj>-j o jjJ-j 1 j j_bJ I olilij 

I ^ip 0 ^ LaSvJ 1 olili j} 1 0-b& t*lbblx>Jj ,^yp\s>~ 

j* b*>b^ L$b iijU^ *b j ^1 

i k^ws-^vJi 3j_x_> . I?..d3 AJCoJ 1 ^3 15 I jj>- (J 1 Jj ^ oe-bL^Ji oj_A <jl 

*y>- ^ olj^>o3 ^vwo-JLI 1 A3 li? ^_ikx^a (j| A^2JL>z . JwoJ I opLaS* 

CaU y > ji ^ (^bJl ^-vwo^xJ I 4— i-slaJ 1 ^y» <lb jJaj I 4j>- I 

La l) j_SC 2_~*J i ^|j^>cJL~ol b*/2_)l L> .<L^L>J! J^_9 ^ys Lv2JL« I 

jl t *ji\£ Jii ^bJLj > « /? ib! coljJUl 

dJUj ( J._9 I b^oLJl 43 UaJ I ^Jujj>o ^3 A_*_-»*wxj^JLJ I b*}b>*Jl oe-bLS* 

o ^Sbb^-J 1 b*}b>- oLj^woJl 4^-vwo-^Ji b*)b>*Jl L«l .SwL^>-jJi o j^LJ 1 ca!j3 


r 


aL 


: : +0 7 ^jlJ (Amorphous Silicon) a_> j j_L *>\J I 
oe-baS” i ^1 j_a L^J^baS* ^j5sJ t (Thin-film) aJLSjJI ^*>13^1 

a_^LS” br° ® 1 4—> L^vj>- ^i_p 4_. *-*~S )) >iiljw& .ajj^_LJI b^b>sJl 

J L>c^a I2 j&j 4*L j I I ot'VhSj ' 

• ji i— 1 \s «»« ) 


b*!>b>*Ji ya -^-^-*2 1 y* 4_*_~vw<>-JLJ I A_oj_v2jJj_flJl A_>- j22 1 i^jLJLo 

, _ < — ) b j-£^^ ^ b_j w\_J^_j -^->_>g-i bg_v2^_) ^-> a A.b.- 1 ^-ob 1 o3 1 4^»^v»<o— ^*2 I 

4 0b>-j_Ul o2_A oe-baS* 4_3^*J .^^>-jb>«Jl Ojji J_> j^J c_3 IS” 

I 1 o j J3 A_*»^vjLa A^j b ^-^>-1 1 ojJ-5j 

(PV) CAb>-j_bJl ^..Ig.^gJ AJCoJ I ^j3 1 5 J 10 O^biSvJl ob_A £j\ jll J 

<Zj b>- ^bl A_^wUjJ I oSjb 4— A^'s J ] y-j t^j^bJl l) I <2j Ajjb>tl!l 

Ja_> j o^bp . (_£ j^-b-> ^bJ ! 0 ^-^-^b-vwJ I C 3 I 3 : ^y£Ls >- j V 1 

O^bp CwL^J>cJi tjr* Al3^ J— -b-cJ 1 (^bp bg_v2_*_) ^a Aj 3 b>- 1 b»t>bg>- 

ob_A (J—^ J—* ‘b_JwL_x_Jj 4 (DC) dJ J_3 24 J 12 > b^a ^^2} 

A^>- jJ 4^>~b^wO ^_bo . A_b<a l_S* 4j>- j_U 1 ^J_SbjLl] ^jljjJl ^i-P O bp I 

J_g-Jl ,_^J1 <• 1 • 5 x 0 . 8 ^Jl 

lJ 4 blv^J j2b] 1 Oj2b-b**Jl ^jA b^^bbJl C^3 -a/? blj 4 bg_X>^a I 


142 



y Jal j 150 I y>- Aa- JJ 1 oJ-gJ I AP UaLwx i <olp ^xJ-J 

jJ- 5” 5000 ^y>Oj>>jJl ^SJ^aVl C-w-J 1 cliJ-^JLvo .^^aUl 1 f- y^> 
j-LS* 15 Jl^a- <JwL*»<jJ* jl t j>l*Jl y Aobj-gJUl A3 UaJ I ^jA AP L» Ji? 1 J 
J_LS 5 ^-wvw<>wJo Ja-w» jJLa ob AjsJa^o ^3 . j_Jl ^3 ApL~o Jal j 

Ja3 *}U I Aj>- L^ vwO <jl ^J| t ^ j-J I ^3 £_>^Ul jJLo_U AP Jalj 

J jJ 30 Jl^a>- i ) j_SCj (1)1 

.AjLoJl ^3 10 I ja- Se-US” Ja-^o jJLa ^y&\ tAoUj_£^Jl O LJJaJLoJ 1 

^ji>- OjjJ l*_> | jIa 30 A>- A-o j_v2^J J A>- jJJ 0 1 

<1)1 J<Jl ^ ^Jlj tJalj j-LS* 3.5 Jl^a- ®jj3j aJL^S* 

.0 j-s^>LwO ,j^>_jUl A y^> y ^A LoJ Ua (J^^jJJ Ji JoJ>Ul ^Ja.JCQ 

e-L j-g^J 1 <_*JJaj ^<Ua,*J 1 jjJ 1 Ao l_^o| y~> Jj3 1 jJ j>Jp JoLp iJ Ua 

( Jl ^a- o jjjJl ^J| J*2_> 4jb j_£_^Jl ojJjU I _LJ jj <1)| (. ^AjL*a . ( JjJwoJl 
JoaUl y pjb J^Ua UU I ^Ja.*^a <Jj^j Lo-Up jLgj »— 4-»,<g.«.»>a 

wUp aJL j-^^Jl <wUJaJ I ojj3 j.^Ja.7 <1)1 ^j^oj t ^JaJb .^i?LlJl ^Jp jl 
JJjjJl ji 1 jJo <Jl*ww>- JJia> U-Jo — <._ 4 -./? j ^ jj ^3 » — Jj y *. Jl o ^13 
J| Jj>- U>- ULjfc tJJla- JS" J .IaJIjJ j>J_P jl J_*jUl A3 UaJ I 

( Ao Lwo-^5sJ 1 Cal j^J-^Jl) Ala.^> 1 jj Jl I A^oJaj I jj I ^y 2 -^ 

l jjJJl <J t>U>- o jJ jJLoJ I A3 UaJ I ^wv 2 j ^ tjJJJjj tSjJljJLoJl O U j Ua. J 1 

j-$-+a 1 ( JwJJl JJ-P ^-Uj-^SsJJ Cw^Ua j J-.^./a <J Ua-v^J jl t A_^-vwg^lJ I 

^Lj-g-S* ^^laLsI^-l j>UaJ Jj <Jj_^ajJl J| Aa>-U>- UUa <J I jl c?-ll»lJl 

<J ^U>- J I JUJ I <J tA_>- A_o U I A3 LlaJJ < UwO jwLv 2 _^a 1) U>_vaJ 

A3 UaJ I Jj>cjJ j I c j~~> UJa *^U>- Jvaj>o ^U I a^j UU I Cj I j^-U I 
<w-JJaJ I <l)j-^J Uajj-P C-As-vsJl U t)U>- jj jJo <1)1 ^U I A_^3Us<a^/l 


Ao U I aSLsJ! ^3 JaLjj^'yij Ja»tU I ^j>a ^JJU Cj LJJa^U I <1)| 

^^*wo-sXj I ^UajJl ( J| t o AaLSsj o^Lpj tA_3Lv^| olwLJLxJ uU<2j 

AxJa-Al-gJ 1 A_^_^wo^lJl JJ UaJJ A_*_~Ja <1)| c iiJJ J-S* . ( jUj_^_5Ul ^ yJzL JjjjJl 
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ojjjJl Cj L ^Loj b-AJ} j.A.^.ll j_aJ \ ^ llal! 1 d)l 

<2jJi .o_Lg-lj A_L~a <J *}L>- Lwwwvo o j.. -.+/?. i o jJ3 ^3 *\-> 1 

Jw«Lx_» ^1 J^-il cJ_^>j_j jl t (Capacity Factor) «U*_~- JwaL*J» 
UsLkJl U_~Ju (^JlSIj t (Utilization Factor) o^L 


A Ik!. 1 ' jlS 1 4_^_-o_$U ' j 04_tJ <>J I A_; ^_w-vJ I 

.aL> 15 4j^J 24 I -Up- jJ^j 


Uufc 


r 


-L 


jl (_£ j j_£j>- *)! 1 3 j_3 jJ 1 Us Ug CJ Ug_>c^a ^Jl ‘C-mJJ Lj c_4_j 1 

I JS>~ ^>0j_0. jJ I A_X_~J| L*_a (Jj^L) (jl ^^jSUiwUl ^jA t *}\JLo Aj J_4jiU 1 

100 wU-p (jl oL^JwUl ^a ^3 jZj i ^>4 . axUI ^s 90 — 80 

£-A tC^%_3j_]| 4 ^ o 5 \ ^_3 90 — 80 <J*)A_>- ^j_>- AJLoU I ^_3 

I ^jJajL) MJ J I A_i Uw*/2-J 1 (J UjwP *)! ^-£_«JL<U 1 d^-3 ^_J I ^ UjLP I 

Jg j-lg->- JJ-P j_v2jJ j_3 Likj <Lw^vjJ Li .A_oUj_g_^Jl A3 UgJJ 

( Jw«L*_x>Jl 12 >a Oj^Lj (1) i t^Lws^j^l s j_SL] I o jJ 1 ^g 1 

o L>- L^wU ' o^-i LS* J-^ J> 10 

^_L_P J S I ^_~w<>-2L_Jl Us LkJ 1 j J— s^2— o. -J j_Sj_lJl iw — u 

100 'J t^JwUJl _U_P A3 Ug jiljJo . A)wwsJ I (_^wLo 

Lojj>- ! j_LJ 1 ^ UgjJ 1 d)j-^j L«wLlp jL^jJI (J*!>L>- ajl<U I ^3 

^jLiJl ^LwoJi U^wsg- 0 Jj>cJLoJ I a5LLowoJ I ^3 L *^klA iwww«j 

S- ;j! > 

j->,<g.ll j3 ^Likj d)l 1 A3 Q 2 J I j*3jj j J-3 C A_Lw»J 1 

jUS” 750 ^ Ls Ug jJ jj (1)1 ^gjjUoJi ^jA Jglj j-^5* 1 oj-Uj 

^_3 8 .5 ^Lol ^Jwal_*_>3 J_3 1 j_1j J .Aj—^vJl ^_3 A_P Jg 1 j 

^_^vw<>w2j I ^Lo*}LJ ^Jl_Ua £.3 j~a U^Ij| tUp- L>- C ]g d 3 A_LoJ 1 

(1)1 1 ^Jwol^oJi |j_& b\ . j->,<g.l] j-U 1 

> 

^J-SLjLj :by ^LJL j i ^J-SU xo jcl^J 5 j-^5LJ 1 cj 1 1 

t J^>L*_<Jl lj_A ^3 j-j . p Lj j_g_SLJ I ^jj>cJ 1 o^Lg-j_i U^vs_o jJ 1 (^_UJ LSUJ 1 

o j->- jJ 1 l Uo j-v/UJ jjjJ 1 ol> jl! aJUJI UJ j V 1 <ujA 5LJ1 j^sljjJL 
a-a-a^w o— 2J 1 oLg-j_Ul i j~a ?-Ljj_^_SLJJ (a^U j_L*_SLJl) 
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Aj 


^3 (_£_L4_dJl aJ j li» j~r* jh»2>-U j-aJ 1 

.jtJ l*J I * L>o I 

*L1 J^P CaL» <dLw2j2j AJllS <J J-^2S>fJ\ ( J ta ^-wsJ 1 ^ya ^j-vwJ 

jMjJI ^SIjJl c (Lord House) 3jjJ jiU <.Lw>Oj^J oLluJ 

> p. 

L~>- (Maine Solar House, 2005) (Maine) aJ 42 ) I Li^Vl 

. A3 UaU LJjjJl aJIS'jJI AJa-^x 1 jj A*-wx I j3 aJL>^S* ^ JjrJdx i 
* L j-qSL} I ^jU a_J L>c_J I a_U L>J I dj L~x U_)JJ Jwsj>- wLwo j~ c *^ 

A««ljJL^vwa A_3 L laj A_3 Li? o^LLSL <J JJwoJ 1 iJ-A ^_a-< >..«/?.') ^_) . A_J I 
^\ 0 JiljJ «-LsJ>- (J J-£3 1 wL$2aj C A—w^-o IwwO 1 a]ojCS 



I ^J_P 


ol> jJJ 1 


L« 


JaJl jJJl 2r^ 1 L Sj-^^-i 2)j-^-> * j-^>*UJ A_^_a-1 

J C A_l_3 JdJ 1 ^-^l A_^v— I A_jj1 I 


35 .7) 384 


dJ L LJ 1 ) .A_d 

aJ jjJl aJLS” jJJ < 


oL> jJJ I 


<y (gs’ y-* 


*-) ^-JJ 1 < L— -vwo— 

I £-3 J_^3 Lg_U_P (J J_ygj>cJ 1 L_A S.>jI jJ 1 

jIJlJI j^U I ^j>a jl (IEA, 2005) a™w*jU1 p L ^^SUL ^^L>Ul LiUaJJ 
oJ_A w\j>- U l_P UL_A . (*^J ^ P LU^J -d_~*J I LJJ L>J I Aja-^x I 

^j-xLJjJi LL/?.>c-^a A_~x Ls_^x ^J_P 4 J 23 L>s_^J I j_A t ^ixJ A_j I J_a- da 1 J * ^ adJ 1 
da IS" jdx 1 (oL>o'yi A_o U da L 1 _Lp AJa^*>ljj) A3 UaU 

A3 Lla_iJ ^JaLdj>- V yi J-jjJdJl O L*_^>cJL> Jj>-^\ JJ-P A_^L>c_^Jl ?-L)j_g_SCJl 

> 

. A^o UJ I A_ol_) <5s_»_dJ Li (JjJwoJl Ja_)j j2a ^j_P A_J L 1 

(J JdoJ i AiLdJ! o3j I jJ 1 LoL ^-^5vJ 1 A3 UaJ i 2)1 A«^x LwwL 1 oj«A 

A3 Lva^a Lo L J^S A3 Ua ^ I LdwO C La yux j-^x 1 ja.43 ^A 

Llal! 1 2)1 Uj C aJ 2>cJ 1 oJ-A ^3 . LgJlo-^3 AiLdJl o^jJ^a 

^_i_P A_^-^_dJ 1 ^J|_ *LP L-X Ja l^j J_L5 591 (_ 5 -^ ^_aJ 1 ^^-vwOwdJ 1 

Li UaJ 1 U^jLwx'y olpjiwL* ^1 ULla jJ tLLaLSUl Ll^JI 

591 Ij^Jj LJUa c^L^iLil L5 j_Jx \j^o o3jJ-oJl A_oL j -$-£ Jl 
LSU_dJ L Ja_i 4^ ® ^~i ^ L_a 2) L5” . L L>c_^a A_P L^X Ja l_j 
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oliLaJ 


S?* 


L) 




8 J>\y~ <JL^S\ 
. 4^3 Jj>cJ I 


ujj 1*5 1998 f U J^dJL dLbdJl J\ oULJl 1)1 
dJ^J «Jj 4(1-7) Jjd>Jl ^JlpI dJJLJl 

ll) 1 e- Jj>sJ I ^3 . <J j d>*J I 1 ^^3 <cJwwgJ I ® AjILsL^J I d lj LwJ 1 )) 

1 ‘r Lj j-^5\-U w S b LdoJ I <ulsai» ^JLoo>4 1)1 j^5b>o <J jjj>cJl 

^^-vw0w*xJ I ^UajJl $jj>-j s> (J b>- ^3 L&j I j~ s> 3 (1) LS” 

IpL ]p\j j_L5 3655 ibl^l sjujl^ IjMjp 439 

l)j .4pL» Jal j ^LSCU j3 0 . 12 4 ^jL od-j 4d*J I (Jt>^>- 


c-iJ Jp>J 1 ^Ja-wo I jj ojJJb C^jIS” (j^ j3 30,000) 4 _JLo»>-^M a U ajJ 1 djLtS* 

0 Jj3 Jglj ^JbU Olj^j3 5 O 4_0 j_o2^J ^3 Aj>- jJ <iA5” bd-xdv03 

1000 ^-o JJL j j .LJb>- o J_>- jJ 1 4o2_i_SsJ jJLi jJt ^ jJ 1 

4800 ^uij .(Inverter) iJUJl ^Uaj Jj>-I ^y* is>lj jLS* J52 jMj3 

jJ 43td^b 4^-^j>dJl j UJ 1 d 1 J-^..^->cJl1 <W? jJoJos 


*o 4jLd»rJ I ^9 4j I (1— 7) <JjJj>*Jl ^j>3 aJ^^vwJI 4 J Lwo j} 1 (j| . A UajJ 1 

^3 5 0 Jo Li JwL*_o-) A Ua-J 1 ( JwOO>ro3 4 a_i_S" j^j3 30,000 jLgddol 

dl J>3 J^S I (Jj^J 1)1 jA-d I ( j-« jLjJdo'yi dLpJ t 4d>J 1 

3 _Up odli (JwLx^s £>j ^ L> <bjJ-oJl e-b ^_StU obltfloJl 4jltSU I 

£-L)j_£_^J 1 (d-*-d ^jos j2_S*l jb>2L)d>*bM ^>-3 l)j-^J o3 j-^ 4_dJ I ^3 
l 4_J b>*_J 1 4_Q L-q 2-13 V I ‘—ij j-lg-J 1 .j_o3w^2> IwL_Ss_Aj .obLoJ_dgJl 
^3 I 4-J JJwoJ 1 e-lo j_^_SU 1 jU-w-l *o3 j j»ljgj ‘Uli-So d L2 5 1 1 


(J Lw^O>cJ lo jos'yi |j_A wi_>- lo *)! j .^JL>Jl CJ jJI ^3 Lol y2l3 \ LUl>- 
dl j^XJ ^ I j\ cd3jJi olj Lp d lo l^o 1 <jj3 i ^y> *\j -LJ jj 0 Jj li 
^Loslaj *)U 4 -q 23 LdJ I 4^ll5sJ I 4j>do ^-S” I jJo (J I ^j^-oo 1 ^Jdd-woJ 1 ^3 

?-lj ^!! 4 jLLS” j-gJgJ 1)1 d b Lj ^1 ^ 4_o ^_o 2-)3 ^jLl 1 <d-vwo-2J 1 

. 1 
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1998 — dy*° oULo ( 1 — 7) <J 


Uj jLS 4.2 

j~° ^5.7 
ipL J=lj ^LS 4246 
ipL ^LS - 3008 

ipL Uj jLS 2417 
ipL jLS 591 
ipL j^LSOJ jN/jo 0.12 


ipL J»lj 3655 

iuJl J 11.5 

U j JiG 5 

21000 
jN/jj 4800 
4200 
30000 
439 


( J>-4jl ollLo 


I ILo L ^5\J 1 I 

a__ — o JlJI oL^jJJ! a_j^I « 

Ao jjl] 1 

o jJ 1 Ao j-s,^.j ji! 1 Aol ^531 A^UaJi 
45wlJl olk^coJl ioL j^5sJ I iSllaJl 
^j_>s 4 . .I ^ C ll 4_i LkJ 1 

aSwxJ 1 

aSL_*xJ 1 ^Jl oUa^oJl A3 UaJ I 4 -Lv2->c^3 
aSwxJ I p L j^S' o Jj>- j 


I oULJl 


^ j^Jl ^L^SLll 

(o3 lil~o ^ l) 4*_v*J 1 

4_0 j^ygJlJ I d-> L>- ^J“! 0*Aj>- I 

(oj JJLo) 

A-o jJl ] ' cjU>-^_UI Ailb 

(oj JJb) 

( ojJJLj ) I j j?} I aaLS” 

(ojjJLo) aJ Li! 1 ^Uaj AilS” 
(ojJJio) j»UaJl AiiS* 

e-L^SLU obliuJl aaLSLII 
oJjLaII 

yjz^\ bj j»UaJl AaLS* ^JlP Julp 
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o_\J 1 e-L ) ^IwL>eJLwoL> jJlU 4_£_ u>j > (_£3Jl p UajJ 1 l)} 

I I I <1 I ^*3 4U :« 1 I I >»■ 3 ^^1-1 ^ I yj 

oL-Ll? <LwwL> 4_^3 *_Xj ^jJl ft4_Pjj_^aJl 43 Q 2 JIW A UajJ wL>- 1 j (J LLo j_A 

jLSs^j t LJj_^- J-9^M ^^.Lp t ji_S’ jUw? ^^wL>*jl~^>J ^L^_SsJl 
. 1 IS jS . J I ^ Uaj aJwo j^o * L) I l) j-S* c_i *>^>- ^i-p *^V-gJLs^ *)1 1 

j J— ./2-d Oj_^j L«wLLP 4_v 2 L>tJ J 4_j |jl_>- 4_^_la_) V 1 0 j_A O jSjj l)1 ySSou 
^3 L\_>- \jJUUj* 1 A_w-vw<Sw^J I A 3 Q 2 JI 4 JUJI oj_A ^3 C 43 Q 2 JI 

AiUaJi 4^jJa_> V £~oljJl I ^Ijl JjjJ ,4.+s2A>z^ji 43 Ua 43 ItS* 4x^JaJ 1 

O I 4_) ^-1-lg.^.J I (J LoJ I ^* 1 1 j 3^ I y* jj^° ^' j I 4 & j y*^ ^ 

La (J L>-p *)U jl 5^X11 4>s 1 ol S jS> y» wLJ jJ 1 

ol ySLyj .4^JijU^a 43 Ll? O Lp j3wL« £-33 jx* t *— J-*-> ^-J &j jJ>- 4j-S\J 
J_)w\_>cJ ^3 *)LoLp 4_oJaj ^ 1 a jjt 4_^*jJl_> £yj Oj-^J 

4J| t^3jjJ (JjJ^o)) (J IjLo 1 _Lj|j Lo-S” oJw& iJ^~^ l)-*-*-' 0 

4_o ylJ 1 O I I 31^3^1 ^ Jg-X-» ^Jl 4_^vjJL> 

*>_4_— 1 LSsJl] l_) 4 _jjI_JL>9 L-O L^2_13 I LjIwL>- L_>- 4_J^Jw0wl ! 4_w^vw<>-_^J I 

^Ja.X3» l)} . 4-^P LwaJ 1 3^\_-Jl yja-x-A ^3 4_ol_> I C3lJ-x_^Jl j 4_JU>«Ji 

^jjj jJa^J I )) 4Ja-~» I jj LJ L>- 4 J j 1 IxJ 1 ^3 435 L>sJ I O I 1 

l o3-L>cJL<iJ 1 43 UaJJ 4_J»w Jl ^j-s» I jJo jJ I I j V I 

l)I l) 1 J-woJ 1 lAjfc . JLJ! j-*-$j P ^j-P jJajJl ^jJsSkj 

4^vw<>-*lJ I 4o 1 Ol^ jJJl C-i-wl ISvj ^3 Oj^j 

?-!_} j-frSS Jl cj LS" c_jLJ LSvJ ^3 0 S 3 L> j jl /j <lJLsJ 1 
oljU oUU-Jl JiSfl J-p jl oOJa^Jl ^™o 

.4XiaJl 


((4_iUa 43l_lSs_iW 4_J j V I 4_3 UaJ 1 j3 


r 1 


1_V2_J I ^j_^o-J 


4^» LLo 4_4j jJa ciiJ^ lJu 4-ljS w\-J jJ Uaj 4^2 -A^cJwQ 

^51 (3-7) JiLLlI • 0 ^+—*S 0 3 J^ >c- wQ ^_j la i j ^ ^| «j ^*S I 

w\_J j_j 4_laj>wo )) ^ i 4_» J-S” j~a 4wwv-w 4_o j_3 4 
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I SAswJI c *uS jiJ I Ji jJ y 4 aj>e^ : ( 3 - 7 ) 


.Tucson Electric Power : 


Jl oLVjJl (Tucson Electric Power, 2005) « c 

i I 


VI 


^3 I j«o-J I wL>- 1 c U jj_>jl * I ^-3 ol_JLjwg_Jl o4_& £_JLj .A_*_Sj 

wLJ jj oj jJ Cj b a42_>c_oJ I ojj&j t o J_>cJlgJ I oL>V jJ I ^3 I Jj>- <L*vwg»JLgJ I 

5 j 3 5 ,0 0 0 ^3 1 I L 4? I j 4 . 6 ^gJap 

— (jl^-^Jl) LJl-ti 44 <cJLgj>-| A-Ja-xJ A_>- L^vwg_) 4_^-vwg-^J I O L>- j_U I ^yO 

a_>j I Jj o L>- j 4J I c^wwJo cLwo- c j lxS4& 17.8 j I c ( ^ jja ^js 4000 

CaIjLo A_jl ^P jJ I ^4p . i J j_Lpx_U A_£J>- I j_ja Aj>-j.i 34 

jU C 0-3jJ I l4-& ^3 AJaj>c^iJl L> o ji I jl# o3 j J_>tj3 

J*lj 7064000 olS* 2004 (>U J> ^ y~J\ a^L^JI olkJl 

|4_& j . AJLoJ I ^_3 17.5 ^LLj) o \ ^ ^ Jj_3 I j_1_j ^4_J I t apL^j 

(JjJ-js (_£jJ J}_JL>c_gw!l AJLgJ I ^_3 11.5 jl_\JLg—Jl Jjjs J ^J— >/?_3 I 

jJULLII , j/VI jl>JI 


^_3 AJLg—Jl ^_3 8.5 _) jwLJLgJl ^-O V I ~\_>e_J I jl l ^_3 ^ j jJ 

<iaj>c_gj| o4_A ^JjLo < Oj_>c_J J^o oJjLdJl ^*/?j_> Lg_S" l 0 Jj>cJLgJ I TSTLg-gJ I 

AP jJJL« JJP . ^J— 3 1 0 j£* 4? j4a,>- JJp ‘L^v^gwsX^ja A_A_la_Lg ^3 

<jj LJL> c_3 j_*» CAjL^3jJl olj L*J <Loj_Lx_^ cj Lj l_x_o L) £• Lj I j_J j_lJ 
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0 4 «j j < iiQ ■« J j 3 

J-J jjJ 1 JgJ Li j! 

. C 0 2 jLp 


. 4_jj jjJ 1 A3 UaJ 15 jj>- ' 


^ I AjL5 £• L I Cj 15 

j^L v2^a JlJ jjJ 1 a_a 15 L 




-L 


t wLJ j 5 I d-> \}y^ J L<5 1 ^*>lj a 5 15 L>^j o Lo«-^3 jIjL^p I 5 Lw& o j5j 
l L*-^ Lojfc 5>- L> . a*_wvJ 1 L^> j t a 5 j^a SjwLi .I? 1 j j_L5 ( J5LJ j ^ j-L Lj 

j^j-LL t Aj jJw^vJ 1 Aj 2 _LS\J I wLs^j wL>- (J *}La L*_oJ 1 <jlL_A 3 J^>o c_ 3 j_^a> 
jl 0-3 j_Ji 1 J— A ^_3 .o_\_J j_*Jl A Lj j_g_ 5 w!_! I A_pLw« ,i?l j j_l _^5 AiL! 


5000 x*s* <. y j *5 il jJJ 1 JuJ jjJJ JLJl ^Ij a5J5 

i . *,0 ) j ( j-J ^Jl j_>- ^^-oJa-P A-5 y> ojJ-3 ilj j_L5 J5L1 j^j3 
j ^ j 3 2000 ^3 1 y>- ^5 1 c Aj j jj A3 li? o LJLLo aJ L>- ^3 AjllSsJ 1 y* 

£3 jJloJ I J^a Aj! j^P .((j^LJl ^J-v2jjJl jJsjI) A_5 ^ 0jJ3 -L 1 j j_L5 ( J5L1 

sLjlloJI ^Jl a_^*jJ L a_LoJ 1 ^3 85 ^Lo^M ^Jw«Lx_ja <jj5L ol 

<U~jJL o^>LpI LjIj U5 A^Jl ^3 18 I j_>- J 2JZ3 jJt LoJwO tAjjj^Jl 

jZJL* Jl yo ^_1?J 5 . A_o j 5J 1 A_^**w^-5J 1 A_laj>t_>a 

^1 ^3 3 j_3 jJ L Ajj jjJl A_Lj>c_oJ I JljjJJ AjLL 5 jLjLP^l J->- ^ 1 

A_*_~«jJLj ‘L^oLwo'^I 3j_3j_Jl aJ_15 L^JwO C 4 l_J^>a A_Q LygJL3 ' Aj j l5_^a 
AiJ5 Lgj5\J ^ A_o j_v2jJ J-aJ 1 A_^_^vwo-2J I oLXJwoJl 

aLuVI ^J5 J^a J5 £_*>_>- c)} .AjJjjJl Aiaj>t_oJ 1 A-^vjJ 5 Ls-w^_) 

A^jJ Ij !jj>- ( ^y. 25>«Jw 5 1 Ax-^vJ i J^U^a j l ^o2a.P ^i-P ^ 1 

A3 UaJJ Aj I Aj 2 _ 1 _>\J ! C A_o * 1 ^_aJ 1 A.'.mwOwmJ 1 0 1 ^ J 

• Ajj 1 o 1 ^ 1 A»ww»w2 Li ^ U-4 ^ ^ Lp I I A_o L ^ ^ 1 1 

A3 Li? jS.*,t2.A Aj>- L> cJ 1 ^>a 1 ^.tg-A^c-LoJ 1 A_x_wJ 1 ^Jw^Lx-a l)} 

A^vwOjJl CJ L Jj>c5 1 Jj>-\ 1^3 j^j t A3 liaJJ j-^5 jl ^i? Ll?»- 1 

A^oJaj *y 1 L^3 Lo_i c A-xJa-Al^J ' A3 UaJ 1 A_oJa_>l (jL5w>! ^J5 aJz3 1 1 

A3 Li? ^.J g-i (^i L^L^^L t APj j-oJ lj AjJ 5 J -<Jl Ao j_v2_5 j 5J 1 A_^~woJLll 


I LiaJ I j ^ l ..^ ^_1 I ^_I I 


j i]Lw& 
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*)I ^jJ 1 A_o _xJ 
A3 UaJJ 0 jr^-^ U*-^> j Aj>- L>J 


>» JajJ I ^ 2 _>-VLjj) Ux.Ia.AX-oJ 1 
1 (J-UJl ^Lj-^5 

^J_P oj^Li 0 j_w_ S' ‘Lu Uj-g-S* USU-Ji jl C ^.JajJ I oJ_A £_>j 
j-v 2 jJ j-Ul 1 UajJ I IS) .A3 UaJJ ^JaLjLaU j A +0 a 

c jJLSI 1 ^-XXJLLa <UiJd_jj c ^jw) jJaJ 1 ^J_xUl ^J_£- U^ Ly2J3 1 4_o3L>- jJLS*l 
^SU <Lo J j_^_5U 1 Ca IS j_JU 1 ^_Lp ‘L^Ua?! Ca Ua j_*_v£> J_>- j_j J I 
JJJ 3 J **-3 1 ^ . ^JaUwX_a-l ^)wL->,<g— o— 5* USU_*xJl ^Jj *^U>-wL >3 

a_^*jJU J L>U I U>_S t a_pj j-<Jl A 3 Q 2 JI ^Ja-> A_^vjJ L> L>t_^_>c«s^ 

— J j-~*Sj J ^3 A_^ jj>cjJ 1 Uaj>c_oJ LS” c Aj jJj_xU I Cj Uaj>c_xU I ^J) 

0 1 AJL) LU I A_j 1 A_o 1 Jl ^Jwx>JXa«x_<U I . UjJ-jjI 

A-Ua-La ^3 A-jjUU I A_~o IjjJ | aJ la- ^3 UawL>eXL~vwU I aSU_*xJ 1 ^0 Ja_j jJ 1 
A3 JaJ 1 jj — 4 IxJ a^-aJja>U I c_JU ISlU 1 *y t L^_i*X 3 bwo ^^xJ I ft (j-^ 0 ® 
j^3 jJ ^J_£- ‘‘-UJU I UwLLp ,<jJJS j^s'yi v JJ 2 J 0 UwLLp A_JaUxa-*yi 

sA? CaldSLp ^>3 J^3 1 ^U Li c A_Ja UXa- 'J 1 A3 UaJ 1 ^yi a j^S oLjJL^vwa 

> f. 

Vi ol g- Li 1 cj IS* j_JU tg-Uj_g_^Jl ol*~*J 

A_^-vw^-*U I A^Jaj *)\J A>J U I v o I jj>U 1 ^3 U~Ulp jj J3 Lo t ^Lp ' J^j J 

A_woU” -la- J_a- j_j Jl ^Jw<>JL>c-<>J 1 t IwLSJaj . A_o j-yg-U j-JJl 

( JjUXo ft L^> L^ 2 XLo 1 )) I ojJj^Ulj A-Ua.AX.xU 1 o3wL>cXlUI A3 UaJ 1 

A_*_oUUi oJ_A cU_Uj>cJ j_^> .g-U A.S* j_*X> aUaj ^J^-3 ^ cS^U^I 
wLoJ juj c is* ^_sX> a5 ^_Jo ^-Ua.U I jU jU 1 AP UaXLwo I ^ys o3wL>c-xU 1 

a 5 ^UUl (Demand Profile) *^JJaJl L?la>^ dJJi 


r 


43 UaJ I 5 j^S <Zj Ij JaJaj>c-U I 1 Jjb J IS” IS) U-^J 


CaUx^Xw<)JJ ^_xaJa_xJ I 5 jJlJJI 0 j_w_S” 


_j o3jJ_^Jl ULUlS” c ^y 
.ioU J ^-^J I 


^LJI 5 SUp .3 .7 

l_£j I j jJj 4^2A>tl3 A3 Ua A3 US' L^gj I ^U j] I A3 Ua Aj I UaL>- ^ 

-UwO ^UjJl A3 Ua C^J^cXL^I J-U .jUvJLo ^J_SUXwj A_Pj j _^3 AJwO UU I 
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^Jj>- 1 yo Oj Jjjj 1 A_o 1 jJt y^~ 1 jb JiLj> ^i_P Lo-L-o l oJ_P <Jj ^3 

^3 A -2> j >cJwoJ 1 ^j-4 ^LgJl i, ^>c_~Jj l <-J I i yj>zJ? 

OjlJj (jl ( ^->j-LL*Jl <1) jLLl 1 A_j I J_j ^3 .1 e-lj-^-lj 

(. c- 1 ol_Sj_Jo J^jj_i? ^j-P 0 J.J j_oJ I c-Lij-g-^-1 1 j_3 1 j_j CJ5_> jJ 1 

A_ol j_A ys>-\ j_i? A_JLo_JL)1 [S j*~°\ ^3 o j-JLS* ^ y° 

Lajj-p <l.uc l>- \ y ^ 1 j-1?-) ' oj-A o I L> I wLJ jjJ 

( J^SCjL> o ji I jJLo o ^SGI A3 LiaJ 1 oLk>ej3 J^o A «>- ^Jl e-L j^£S\ <l^s>z^c\ 

^3L>tJl l) jJL)I LlJ j->0 -LLPj .J_jLJ| O jJL)I I j_2- 

jwLv^-^J I LJ L>- i jj ^ L 1' ^IjjJi A3 Ik 

.(<LoL>Jl AiUaJl o3Jj>tlo j3L/2j> J^o o_\J j*oJ I e-L^-SLU A^oJSi I I 

^Ls^2_aj L»_S* a_^j>- Ij 1 oLlojjJlII j!) 0 j_j j_>J I *lj_g_Jl 1 j_i? L)}j 

t LoJ I ^3 A^lp Co IS" L<>ja ^ (_5^ ( LgJLwo^vj il) I 

ojwL_i_S” l ij ^ 5 .1? Ij L_i_—o 4 . 5 ^ L_>c_>- L_> 0 ^_3 1 j-jL.^ o 'y 1 

U .jjj-Ial]| aJjs-^j ^3 O^i klj Li— - 0 5 CaI^Aj>- jjj c ^oJaP 

jJ-v2_^-S* ^ L> jJ 1 A3 U 2 J ( ^_-j t L>- ^SL*Xj Ij ^ j j ! ^y .iiLwk cHj 

LJLJI oJL? aL^JI oLS'P J\ i^L *L*£D 

A»x_^J 1 LoLJI ciiJjLgw) . ^Ij jJ 1 A3 Ll? ^IwLpxJL^jI ^3 ^j_J3 LL^o 

^zSS-j LoJwO c A^S j-d I ^Lj jJ 1 A3 Li? ^t-1 UJ I ^3 ^ 1 A_^P- LiaJLw» ^ 1 

A3 Li? A-oLj 1 Lg_X3 Li? LoJ>-| ^y* Lo jJL> A^>J I ^3 20 iijL>jjJl 
A3 Li? ^-ia.^1 I 0 j_\JiJ 1 ^3 ^JjL& liLXA (J l^j ^ J ,^\j j}\ 

jl Lo-S” c Ljjjj! ^3 j y 2 - 2 >-')l[j tOj^J>-'yi Olj-LwvJl ^3 jJ I 

.(2005 - iujjjS M ^LJI yit ou>) (2-7) JjJ^Jl ^ g^iJ 

cJlj Lo JwLv2j>J 1 iJwA ya A_o3^ Lwvw^J 1 A3 H 2 J 1 A^aS (j! V j 
o-w«j t A_o L> 1 A3 UaJ I ^J_P I ( Jw<>j>c_j ja_A3 I _L>- 1 

jL S' cSLlo c2003 j»Lp ^3 .^L^l AiLLJ aj^JI 

AiliaJl ^Lo| ya k^3 AXoJ I 0 .5 ^\jj}\ y> SjJ^oJl A3 U 2 J I ^LoJ>-j 

.^JUJI isli^l 
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: (2-7) JjJuJI 

! (MWe) LJU a *£ 43 U2 ^ &J ejJJL)! 


2003 

2001 

jdJl 

14612 

8734 

LiUl 

6361 

4245 

oLt'y jJl 

6420 

3550 

UL -1 

3076 

2465 

il jUJdJl 

2125 

1456 

X 4 JI 

922 

700 

Ullajl 

759 

525 

0 w\j>cJLoJ 1 4^L<JwO«J 1 

938 

523 

l_uj jjb 

571 

406 

Or^' 

761 

357 

jlUl 

3756 

1975 


40301 

24927 



. European Wind Energy Association : 

l LJ L>- jj 1 c 0 I *Uj>- Lj j] 1 Cj Lwo j jjJ 1 Jww^JL^vJ 
Iv2jI C L^ilSj L^jIjjI OJj>*Jl 4 jLj£>cJ1 

wLsjll~*J .Lgjl.}! ^-5^>cjJ 1 ^Jg.) ^wwOws^Jj 4jL) wL>tJ I Olw\Jj_oJl 

(aj>-Jj^J|) jljjJl 4^>tJw^“l 4 _>j1j_j ^»_S^>s_lJ I ioLp oLLojjJlII Owi_A 
4_J_P 0j3 4^- I j^_xJLa jJ ^ L,<g-7 4iLs^^L> t ^j-o jjjdJ 

1 . 0 j_*>xJLoJ 1 Lj jJ 1 <Zj l_P c—A.'ISsJlIJ ( j ^_> ) ‘LP 
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,b\j U_- 4.5 j-f : (4-7) JSLtJI 

. Enercon : jJUaJI 


<Lw>- L_> jJ 1 j-^1 o t (Enercon, 2005) (4-7) 

^jJl (Enercon El 12 J^j^) c LJl>- 
o-l> jJ I 0-Lk .I 2 I j 4 . 5 ^oJa.P oj JJL> c UUl ^3 wLp L o 

4j>-Lv*wO ^Ja_X_> Lo C I jJCo 114 jijjJl J-^23 (_£jL**U l_L>- 0 I 

j 1 jjJl ^4_aj j E j c 4_*_j jA jIjl^I 10207 jl j_lU 
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yS 1 j ^ I I JjLa ^y>-j (jJ 1 ^j_P I jJL« 124 

yA ^ipVl -L>Jl ^3 <^y2> y 3 jljjJl <1)1 y&J Ao-g-a AL. vJ>- j»-LL jljjJl 
>- w> j V 1 (Boundary Layer) « a>-L>J 1 * 1 yi 1 aJLL » 


Jg— x O 


dUSfl ^ ^ .^JlSL JlpI ^L^Sl Lp^ 

4^ jj-L j t <J j jJ 1 AjLjL>*J I y*~Syj}! \ ^-o.. ■>/?.; o 1 jJLoJ 1 

AP y*Jj yS 1 ^-W2JJ . Adi-L 1 ^3 0jj3 1 3 j 

Aj L>J>cJ 4_o 111 1 ^3 1 y* 3 0 ^1 ! y>~ -Up ® t. A3 jj )) AP ^-x j C Lj 111 1 ^3 


0 2^ 
2.5 Lo 


C L - J 


L*3-LS” 0 y2S A. *_>- Ljj UP LLoj j_j <-^S) y ^_j 4-3 1 ^jP» ^*-P 1 ^J-P 


<yyl 


A^>- jjJ I jli c L>- jJ jLSuJ 1 l jaJj y- 1 o-L>- 1 j O l— d 


CJ 12 AjjjaJwd ^3 1_*3 1 


-L» 


L> 




■ L» 


i; £j>>* 


1 Lo® ?-LlJ 




03-L>eP (1) ^^J 0 1 Aj>“ \j j}\ 1 od>A . (Jl P ^ \j J Ap ^-x Jg_-x ^03 

£PJ i_3 1 -Lj <-L>- j_) L-^> A_ol3 l_La ^3 <oLp (. yZj*)! 1 ^_i_P 

0 L— • o— 1 1 ^3 A_— Ij^ ^ ^ 1 £• Lo ^ — o — L ^ j .,^2 .— j c Aj 1 1 <■ 3 tJg L— *— 1 ! 

^_>j LL>b-s^ 2 -J I 1 -Lp 1 j_3 ^_3 (Off-Shore) ^JgLulJl ^^.>3 -L*p ^_Lp 

tJjJgLL<>Jl o-La ^3 A— 3 Lpd -L-dJ Lp Ij-L>cJ ii l_LA . A— L>- l—»J 1 yb 1_L*J 1 

Lp>o ^1 y V 1 j * LoJ 1 LL_>cJ O Lwx Lwx V I ?• l_L) v»^_>c_) Lww>- t ^_JgJ Lj 

j] 1 oLp j— x A3 LsP^/ L> t o-L-LlJ 1 ^1 y ^ 1 ( J-L>o 

^3 S3 Ip j^I^j ^LpI ^ Ij j] 1 cjLp x L) o j. -Ll ^3 iILa j .A-JL*Jl 

o j-5lJ Ij jJJ ^o— Lj A3 1 o LwoJ 1 cL-p>- a—L>- LwJ 1 yb Ll>J 1 

<w2^1l^ -L— llJ 1 O LJj2j O^LaL-xI dUd-S* . ^la.p>c-oJ I Jj^-lJcJl ^J-d3 

oJuJlP 3 j-AP d-Ls A— vL52oJ 1 o o j+ jLJ 1 ^^1 j-lJ 1 oLp ^3 

J^_P I -Loo oLwoJl ^3 jLiJlj Jg-LJl ^1 jj>LLo 1 Ol-Loa ?-LLi y* 

01 1 1 oL-o ^j-o f^y>-\ oJuU lllj-A .y>z-2\ *yb Lsl 

1 -ISLa j CA^^oJl 4j ^LwJ 1 olLLlJl ^Jp 1 jZS 1 -L*J O^Lp ^_Aj oL jy}\ 

apjJp) (5 —7 ) ^J5LlJ 1 y~~i .^-wsL>^^Jl ol^L-wU JzS I aJ j-da Oj^^l 
L jJ 1 ^'jlj^Jl jdl -L>- V o jy-P (2005 — Ao-LjJl O-Lj jid-L-a 


Ap>- 
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L— i j*. Jj-^3 i 4__j I Li jJ I 4__pj J^oJ I ! (5 — 7) ^wtJl 

iljUJJiil 


.OJl) j ipj^a ! jJ-ya.oJ I 


> ji ojJj_xJwLw« ^^3 o'yi L&jLo I 4_»jj>tJl 

^■vP-dJ 1 C ^Ua3 ^3 o j^LoJ 1 o LjUwoJ I o jjb Lo ..UjLwjJl 

40 Lw*o 0^*3^ ^ Uwo^ y* 20 ‘*^~ ) 1 iJ^L^jw\Jl 

a-S L 1 <3 UaJ I i] t>U^_i~o I 4 JL 0 J 1 ^3 4 I js>- j t Jp I j Li-^o 


1 A3 U 2 J IS' c ^L j J 1 A3 Up A^-A L»w« 0 I j L.XP U 
JpJj>cJ| ^lp U/Pj ^p- Oj^J <1)1 * j*oJ I ^bj>o c ^pM A3 Up 
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JXJ A3 UaJ I ‘U-o-S'j ya-Ljl yoj jjJJ I oj XjJ I yo 

yj 1 (Jalj l^woJb) Aj^j XaU I 0 jXU I y>- b j] 1 yo jjdU ^oUL*Jl OjXdJ 1 

|t-<wS ,oJ I ^ I ^ Lj 1 A_P XLP yo^ yU I AJa,~»j I L&XJ ^o y ^-00 


C X^P 


cO' 


olp 




<J li ^b j] 1 A3 UaJ I A^UaJ I 


. LkXlP 


jJJLj . AXUl ya f. y>- ^3 ja.43 yJaJ t A_o>wwOwo2jJ I I AS'y^ ^ j3 jl 

A_o L j_^_5sJ I A-EUaJl XJ jjJ A_o>- Lj jJ 1 A3 UaJ 1 A_oJfc> U^U ‘LxJaJXoJl A-*-w JaJ 1 

*y>- <U-^vJ A_x_^*J 1 Ja L*_a JX-> Xs-0>- . yo j ylJ ® A_*_~*J I Ja L*^a )) Aja o I jj 

y>-L>jJl yo jjjJ I aJs.^ I j_) (a_pL- Jalj Lx-*-oJU) L4_x3 0 XJ j-oJ 1 A3 UaJ 1 
yJ I ^UkxJ I A3 UaJ I Jl (oX>-l J AO* <oIp) AOx-a 0 y3 (_£Xa ^J^- 

^Jp ^Jp I I t A^<w»^2ll I A»P I XP ^ U ^J I da j^- 1 3 j U J2J L& jJ 

AJXJl ^3 30 J 20 yo JabxoUl |J_A iobp . 0 yojJ I oJ_A ^Xa 

^J-P Ux*wJa XodxJ Lgjl ya ^_P ^J I ^Jp C Aj3 JJ 1 da Lo j yJ 1 Jj <d*dJ b 

A_UjX)l A3 UaJ 1 aJLS”j dajXi 2003 ^»Lp ^Jj A«wXJ U .3X>t_^Jl ^3 j-^J I 
84.7 Jl J^J J_JI aS U aJ yJLUl JU>Nl ^)fl jl (2005) 
ya a_pL- Jalj I^J 16666 y> axJI J 0.51 jl tA.pL* Jal J ly> 


^ U jJ 1 0 jXi ^J t^>4 ^1 


O' 


> Loa-oJ I y>a- y^a oXJ j_<U I p-U I 


-7) JjxJI J iyJl 2003 flp J Jalj LX^a 40301 cyX^Jl 

^»Lp ^3 A^J>-Ljl daLwOjjdU ^oJL*Jl A^^vJl JaL^a ^JU>j>-| o IS” c (2 
3j3jJb 0 j~S A3 Ua olXXa J)U tAjjULUbj .aX>JI 24 t2003 

Jalx^a ^*_^Ja ^J^SUx XUjLoJ c_ 3 C Aj j jj A3 Ua Aiaa»t-a jl t ^ jjjla- ^ I 

Js^2_3l S^UjjLwoI (Jx_> La caXoJI 90 j 80 ly-j a_*_~»< 

da IXo^yUJ y2 i >cXoJ I A_x_^J I ^J^a L*«a (jj . U>^ I ^Jp 0 LXXJJ 

A_P jyJl ^3 ^oJ j3jJ>u jLjLa-^l ^J} Aj>-U>5J| LvXjI y— *a A_^j>- Lj J I 

j3 axUI ^Ll y* AjJada ^ L^jI y>Jj <lj>-LjJI 

. aU Lp ^L j 


j~S> Ja Lda*- 1 3y>- j LXj I ^L jJ I A3 UaJ A^JaXloJ I A^wJaJ I ^ JdwX 
A3 y ya aX L y5" j^L^a yo^aU A3 UaJJ yl jda yy>o jl «uia Ld>- 1 OjXU 
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diiddo <oLp oJ o j-SsJ y] cJwoJ 1 o I ji3 (J td>- 

yo o j -^ x - o^ A^-vJ jJ 1 A3 Lb ^JajJ ^oJbxJ I oj J-flJ I ^JidxJ LodXP LsJj 
o^AjI^j ^g^d-P o^.A3 o^Lp wL>- O»_ o>- c ^ LidJ ' ^gJd>j>-^ ^^oJg.xJ 1 o^-biJl 
^gid .AJO_io ySdy ojJjjJl ^gi-P <»— — LLJ 1 ^gJ b*_>d <1)1 ( /^_o_o2-XJ AoLSj 

3 y 1^ ^ 1 ^ ^3 1 0> l.b.>c-o-l o ^ jJJLwwwoJ I ^gOsdxJ 1 o^-LLl I <JOJOo 

jl ^gJj A^-S” ^Jl ^gdbxJl OjJ_l] I ^Lo>Q C ‘L«J>“ L jJ 1 0> LwO J L (_£ J yd I 

l$J l_LJO I $\y (_£ J>- I Old>e^3 ^gj| 3 ^gll I dill ( ^J>3 jdSC ^jTl (1) jib 
dxd.d-oJ ' did!! j3L/2>3 ^ ^JjLwwoJl l)} ^JaJ b .oLojjdl odf> 

<w— LbJl ol jZ3 (J *)b>- 5 j3 1 jJLa ojjb 3 j_>- j ^»_LP do LSdl Jj_bd 1 j_A 

<l)j-!jb>o ^lo jJ 1 di Lb ^j-o^Loj <1)| . 1>LLo ^L 1 o-^dp o^*j A_J LxJ 1 

t Li 1 ^xj>- dp j jjxa 4*S yd I ^L j ] 1 d 5 Lb o Ls jJaJwQ o I LJ Lb d I a_l& y 

$ j2 >\ yj > obsLf~o^!l y2-*j tJiVl ^ 1 p c Ljb 0 >-jj jl yz > jyid \ y > 
^g-o-b_xJ 1 ojJjLll < 1)1 obwolj_\Jl OOo J_ 3 j .A_o>-lojJl oLwOjjjdl ya 
yo (. dj 1 j_>- db_>t_d ^gJdxJ 1 Oj J_dl 1 ( Jo>ro3 d I A_ 0 >- L J J 1 

«j-§J ( _ s ^Ji^Jl ojJodU ^g_x_o j_xJ 1 jwL>dl <^w^»LlXj < 1)1 y > j j_dd 1 
cSl JL- (Grubb, 1986) . (6-7) JdblJl ^ jj* Ud cdJ^Jl 
gldjJ ^g^v.L.P ojji Lo yiZ blj Ldo>- 9 ^gJ 1 ^j>- L jlk* <l)j^d 
3j_3jJl oLko>c_^J ^gO» 1? P 0jj_3 -Llj Ldo>- 3 ( Jo>co3 ( Jo>t_lJ ^j>-Ioj 
J jj>-3 Ji i]jL>jjJl <1)1 c5^J 1 

li-A o Li c do L jy Sdl L^_xSdd> ^gJ| ^L j } 1 diLL y * AdoJl 20 
Jjj-wsJl j jd 1 * jl j->L 1 <J jJj 1 ^ 2j j^l Ljdj Lidos 

oj J-dJ L 3jJ-X_U J jjJl oiw& ^g_l_P 3UJLP^I ySdyi do- tLoLoJlj 

.A_v2Jlit)o3 ^L jJ 1 A P <J jiL Lwdp Ad^Lx^'yi 


3^_xo L_^d Lp ^ lo jJ 1 A3 LL ^g3 y~d 1 0 X 0 Jo>cJ 1 £y» yd 1 <1)| 

o3wLxJoa o j^S Cj L_o j y ^Loj A_JolJ 1 <Zj 1 j j-L-XJ 1 ^gJ) LoJj>- 

(dpd*> -Llj j-dSd!) od?-jJl ddS* ^doi>d ^gJj 03 1 t-Llj Lx-odl 

> «» w 

LoOp AdiSdJ ^/2_Lj>tXJl Idfc J_xj ^Jo . Lo>- L j 0 jJ jod 1 £-b^_SdJ 
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oj-LaJI AjjIj&kS] CaUa^t^U I ojJjaJI a>-lj| l(6 — 7) 

M. J. Grubb, "The Integration and Analysis if Intermittent Sources on : jJL _*a «_JI 

Electicity supply Systems," ( Ph.D. Thesis, Cambridge University. 1986). 


-L 


iJ 


^3 ^ yb-X -A ' ol-Cjjj-lJl oj-JS 


<-JL J ISj ^ t 4^i ol 

A^x^JUS” A3 Q 2 J I Oj Jjj 1 ^3 L^gj ' 1 iJjk O 


=“-jfL> C ^ 1 3 j_3 jJJ o J_> 1 <UJ_i_S3J 

c * L) 1 j_J jjJ Lj JwwLdJ 

1 j_A ^ aJj3 1 1 


-L 


iJ 


jUJl ^yas- 
a_jLwJI cj 1 jS LJ I 

<LpjJ>J e-ljwJ <LJL>tJl e-LJLj^M <Ul\S jl . 3 j_3jJ 

Lo jjH 2000 — 1000 Lo jjH I jSJ "oj^S 

^3j>z^3 (<_^5* y* Jl Jg| j j_LSGL) c_jJ IS sj (_£ jJl t y Jg| j jX^S” 

jl LSsJlJ I oj_A .(_£ jJ>eJ>c Jl 1 A_ol_J j-%-5 

A_x_~J I ^JwoLx^o jj cLw-g- C A3 Ik! 1 ^Luj AJi\S aJ j ULoJ o j. Jo LwO ^ jjxJL^J 
*ljj^!l jl A^j>- L | C3 Lo j I aJ L>- y I j-siS” ^/2jk*wj I 

AjilS* jl_j .iolfJl *L> I o_\g-j ^3 jS I 

^j2j>-1 3 y ^ Aja_>t>J A-la-^ I y 0 _\J ^-^2 I A^- Lw*> Jg 1^ L> A-s^2-tfA>gJw»J I 
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<J jS ^a t4obj_g^Jl 4 j 2_LS” ^3 OjjJ-oJl l»L*J 1 Jj>- \ JaA3 

e-L ^JL>«J| o Jj>- jJ| 4iK Ojjij . j}\ ^JwaLxJl 4 jLLS* 

1 2 j <^S j-^o I o Lll^a> 5 ^j-o 1 Lg-j I ^J_p j o jJ j_oJ I 

Liu I .^L?»*^Jl 3-\j? , x_LI L) I ^Lp LgJ^J c 4 »p Lo \j ji^JL 

^a jSo- ^*-P3 4ia_^ I jj oJjAP J^L?La ^3 jJ 1 43 ll? J 

(J J_v2J>eJl L ^L« 0Jj>cJLoJl OLt'y jJ I ^j23 .j_JuLwO yS* J \ yS> L_a 

jLS ^j-SG 4^^! oliL-o 1 .5 ^ j L*J 4 J I j~L-3 4j^/? o_lp L*_ a ^J_p 

(J j I <J t>L>- Lw»-L>j S jJ I ?-ljj-g^\Jl ^ La j ya 4P Lo 1^ 
4_^_3 UwO O^i ^la jJ I 43 Li? j lojJl o Jo>- jJ 1 4 jLLS” olj-JwLiJ J_LP 
l L>t_^->&_*/? !d_&^ C yAS>~ *)! I 3 ^_3 L Ow\J I 43 LlaJ I ^..i?.X-o— 1 

ya .^_x-s_-JaJl jLxJl ^3 I j_>-jp s ^LiJj'yi £_a 

t^oLLl -\JL*J I <J*)L>- j-LS”l jLx_^o'yi oj_A y2^UL>zJ ^Jo (jl 1 

_\j I I J-J y} 1 ^3 L«g«a I yPlS' ^LjJl 43 Li? ^w 2 J o_3 y^J 

. 4u L 1 ol5 jJL) I ^j»a 


Sj^j>JI SiiSOl SSU? .4 .7 

43 Q 2 JI <jLSw>l ( j_ a J J I 4>j_a>eJl 4_L_SL! 1 43 Li? Cj IS" 

LjJ-j (^1 y>-\ t<jL*u^M J^-_3 y° c^JaLjL~L 

j^S J. ^JaJl J^-l ^ 0^1 ^2*x_U L<>-g«a l^)wLv2«a 

t4^_plj-^? JjjJl jlS I ^_3 — 5 L^J 1 j-ojJl j j_i? ^_3 1 

j_>- ^_3lwLa o^Lp C LgJwa 4_o IjJ I JJ_i? Ij^oJ I ^_3 ^y2_>- V Lj 

4l3Ju O L-UaJLa j_*/? LLP ^/2 _x_j ( J>3 V I ^_i_P J-3 I j_x>J 1 j ^ J L^J>- ^ 1 

1 0^1 Loj J3 4j j—>c-J i 4ixSLl 1 43 li? a!Jj?4LwoI L)|j .pLuiJl ^3 4bL*Jl 

(J LSs_Jo Lj ^ J_&J t J_La 3j_3 J_y 4_*_si> I jJLoJ 1 4 JLIJu ^j_P IwLw*_j 

^Lia OwLa y^j2^3 .oLpLvJI J^a ^<0 1 j (J Ipx> 3 ^3 4jlijj>*-a o3wL4la 

(. (JjjJl ^-J L«,<g..a ^3 J L>o wLJ jjJ ol- 4 L>r«a 


;Lp» 


(Municipal 4_Ju^ oLUJ (Landfill-gas) «oL»UjJI ^SLa 

3 ji j ^Lo|j tLoL^^LJl 43LI2JI JiJ jJ Jj>-I Sold Waste - MSW) 
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jl . I U>e_j5 J OJ U-J 1 ^J-A (J j_J LLj^I I J ft(_£j_*J>c_Jl J^jJl)) 

i <_£ I ^ j3 I ( j~o ^ y >- 1 yj i j t <. wJLa-cUU jS> L-oJ I 3 I jJL>- 'y I 

jS/l ^ jiLbJ cJlj L. oLLLJlj UwsJl oLLLJlS' 

^3 1 j2^vw0 UjIj -UU .4jj_^>Ul 43 UaJJ ^UJl A I j*S*)l\ 0 j^UU I 

ULli o3Jj>cjLa oLLLw JiUi ^1 _p t ^ j_^>cJ 1 3 ji jJ 1 o I ( 1 — 5 ) ^SUjU 1 
^UU 4^>Jl ^3 10 ^j>s ( JwUjij L ^-p I jL>J t (CRW) jl t ft 3 1 jZ>- 
JiUi; jIjJJI .2002 j^lp ^ ^JUJI iSUaJi JU^I 

43 UaJ I Lo->U j_JLSsj j_-_S"l 1 pJ->- <obp ft4j3_JL<>Ui 4_>j_w>xJl 43 UaJ I )) 

^3 jJa^-vwoJ 1 43 UaJ 1 JwLj2j3 (J j^sj <jl ^S>- J L UawL>ul~*woJ I 

.1^3 pS\ JIJlUI 

4_i_l5bJ I ^J_P o-Jw^JLxwoU I A 3 UaJ 1 (J I ^Jl 0 j_2L S' CjLwUj-J Cj j LUI 


jl 0-3- C 43 UaJ I Ojy>zji UoJk U*j 3 ji jj j_^a> Aj 1 

.UoliJl 3 jJL*J| ^^Lp JuljJo ^J-JUUJl e5jj-J-^'yi 3jijJl 

4j j_j>U 1 4_Ll5sJ 1 J I Aj j_j>U 1 A3 UaJ I Uja U/ 2 _)l 

A3 UaUJ \jA., *.,£>. a J) j-JU l)I ,j_SU>j Aj V 1 Jj>- t, J lJ_>- j_A A3 UaUJ jJ-^a-o-S” 

^UlJ ^3 ^j V IwLSUaj c((C0 2 jUp ^j_>9 UL 3 ^_j bJ 

jl_P ^ Uoj ^Jj 4 j j_j>c_J 1 4_biUll A3 i_]a (^1 jJj>- 1 (jj .4JL3*AJl jl_P 

Lo-S” C0 2 j bp I U^4>cJo 3 ^3 I ^3 j jj j^U 1 ^Ua_*js l C0 2 

^jA ® Oj U^J I wLgJlxj Uw&^ . ^ ^ ^ 1 -U ^U^JLwQ I J ^b>- (J U*xJ I 

oJjw\^>- IjUx^Jil 2i bwA ol (3^^ ®C0 2 jbp <-3 U 3 5 U 
c_3 Lgj I 4 j>-j 3 t3^i 3 L*_> c_3 c ^ j >- 1 4 _^_P bj J^3>U>tj3 jl 

J3j . Ajj^>J! 43 UaJ I (J ^b>- d^A-Jw^ C0 2 jbp I U ,^:. 0 J 

to>o U5 ojlwLUl ft 43 UaJ 1 ^J| 4^-vjJbi U>c-j>c_ 3 ^ J>y\ 

0| <SL^j>- ^ojJl jy^ l) 1-U-UU jja'yi ^IaJj jl Jw3^>sjJ| 

Ji Iaj 'y 1 oUbiJi ^jjs Lg_U-P (J j_y 2 J>cJ I Aj j_j>U 1 A3 UaJ 1 ^ Ja.xja 

jJ t UJJUS* .bgj OJ_sJ2a>- b^_~3j A^>-j jJU ^j-^J JS^yi ( _5^ c U^Pjj 

0 j^S CaUsU>JLa 1 ^J| ^3jj ol ^j-^-oj Aj j_j>cJ 1 43 UaJ 1 ^ I Jj>3_^a> I 
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Jj>-I Jo <1)1 J j>-\ AAj jl 2j J^l ^il^j J 

OJwU .4_«_wJL>tJl 3lj_^Jl ^LulS” L j L>*J O Lo lwL>cJL^ *)I jl 4 pI-L*J1 

L*_~o 1 j ^ L>c_^ 4 _j j_^>cJ I 4_9 II 2 JJ 4_^o 1 j3 j_JL_P 4JL) J_>- 4_*J>- I ^0 

1 ^J-O I jZ 4 Aj j_^>xJ I 4_9 U 2 JJ 4JwO l^J I oj i O I jj JJL] i 

Ja i > jb L*_*_>- .i_>- Ij j I) ( J jj>~ 10 ) <J jj>- Ls^S”! 42 ^Jl jj>- L>J I 

JL>Jl ja ^ij^\ 350j 

JL>*_LJ| 3 ^_*jj . (Berndes et al. 2003) 2100 j»Ip J_lp tiilkJl 
4 J 1 1 j_>- 4jdjj>c_^>J 1 oLs^l 4 j^S Jj>zj (T 1 ^ 1 

ilc-j u J>j'l\ }y J* JS J^i j* 

I oj L2o l_^_*_9 Lo_) 4e^Lslw>-'yi oLLL (^1 j ^>~ i l)| 

1 J ( JwS2jL> <LaJ J>z^L+~~oj 43 j J*~a L>- jJ j^Slj J* 4 <_£ jP>- I L li> J 4 ^>c_*xJ 1 

odjfc j^JaJ <pxJ cj Lp Lw? ^3 pL j_^_5vJlj Sjl jj>x Jl jjJ 

4^*j2j 0_9^J I ^9 43 llaJ I Jo jJSLS> jj olk>t« j o3lp L^>- jJ I 

J<J jJ jl^-Jl M jl I 4 J L 5 i!l <JjjJI J^»L^ (Cogeneration) 

^3l*Jl jL>o Jj-Cxj ^Jwo-xJL^vUj 4 <_£jL>o ^j-o j jj ^ I J_>cJU*> L> 4^o L> 43 UaJ 1 

((3 j_*. Ai^ 1 <J j_L>t»Ji)) <jj tjJJ \S . A*S> jjwygJ 1 4_J_^_*J| ( ^4>-l 0 j I jJ>- jjJ 

jo ^JJLo ^jJl <3jjJl ^ 2 Ls^> (Black Liquor) 

olilij jo 4_pj^uJl (Lignin) 03 U 

J-J j} LJ L P 4 452L^JC-vs^gJ I 4-0 Lwxj^SvJ I 3 I J-o-5 1 ^ 1 ^J>C_^J 1 

4 4_s^lj>5Ji Wo3 l*l~0 'y 1 ^Jj>- I jJ jW <j| .4jsxJL*^>Ji ojl J- J P L I 

oLjU-^Jl ^jlxj ^\j>- L,<g j 1 L^_j ' y ^>>^1 l-Lg_j oLo-^vwo 

.4j>tJ L*_^J 1 ^9 L^J Lo-xji*>i i o3Lp| <J^~ Cy 3 ^ ^ ^ ^9 oi^^>c_^Ji 

OJ I 1 ^ Lo *)! <> I <J L<iw*JL^ I ^_^ai ^_j J*JLp*- LJ I 'jjS 1 

4 j-ojJl A^j j^j jL>c«J>'yi J° ^IwC>cJL^Li 


jj-wJj j^g.XP ,_^j <oLU ojiJlj 4j*>L^aJl 
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.doloL*Jl oL>*ju ^3 do L-L o-p doloLdJl ^Ld.p'yi ^y> *y _io 

^Loj l) j 3 ^yo j\ ( JwU 3 £os ^olJJLwvwO <U_Lo»*Jl ajjt ( J^>“ 

^dJ I l_^_~*o2o A_wgw 5 sJl_) dol_>l_i_Jl A_P I j j <0 Lp 




C0 2 jLp 


do lo LL i^\ y>~l Jl Lq 2 Q ' .0*}\_pl 3 jj L*-S* t 43 U2J 1 JojJd) LgO ^Jo^ddo 
,^ 2 ij>tdiJ A_ 1 _P li Ajlj jlzS (. 0 jdS\J ^J^tJLwvwO <J^M J_& (MS W) A*^Lo? a_>_lL 

^3 . 4_o Li AiUaJl j Ojl ^>*AJ ^_^oa jJ^2^Sj A_J JJwoJ i dO^Lo2j2_Jl 

w > 

a_>_lLJ 1 dLoaJ I oLLaJI <^3 ^2-wo i jj I oJjk JjLj o'yujl 

jJ j^xj ^JoslxdJl ^lp Oj^li Lyg-wgJ>- aJ_L*o 3 Aj j U»o ^jb>- 1 j-fl ^3 

do L w^-SsJ 1 4j>xJI^oj t oLUjJI od-gJ a_JL*J1 ao jJ^ j ] I 3j_3jJ1 

^J^odo (_5^ 4j>cJ>- L) doLA^xJi 0 J-A do IS* ^IoSjJJ 0 1 


c ^ j^wLdJ 1 3 j_i jJJ L™j ^JL*Jl j_x_^vJ| 0} d«> (. y^>\j>- 
OwLgo <LJ JdoJ 1 do *}{.+/?. A,1 i 4 o>xJL*o>J d3 L o^| jij t A-J L*J I A>o ISwJ 1 

^Lod&l .iJldk c Aj dJjldJ I jL>*-Jl ^Jo>-l ^Idpddl aALo^^Ij .A^jjJaJl 
jl t(Pyrolysis) ^lj_<Jl dL_£o2J a_Jo*_p j»ldJdd*L Jo>ljdo> 

Joli JLp ^Adi^f (Gasification) JLp ^1 Jojo>dJl L>- jJ jd£j 

c^J-p 'y I ^3 0 i) y>ij < 3 .AjjXJl I do L> LdJ 1 

dp L- 02 J 1 0 LL 0 JI jl l jJ *~ ^ I a_o l$LJ 1 do L*_^o>diJ 

aJclS” doLLL j I c Ao j_LJ 1 A-J-v^Jl oLLiJl d-S” 0} ido- 1 0 yJ*~*p J 1 

A_li2J>c^<iJ I <Lfl_i_S' j j_d J A _^3 LS" d~~J t O lo I j-0>sJ 1 loLdwS” Ao 

. 0 1 Aj j l>s-J 1 


(MSW) a_J_o 2J I Ao J_LJ I oLLL ^IwGddo'y ^ j_>- 1 a_5o jJo ijldA 
oii-S^io a _> t_dj ^JJl jLd<Jl l_P 'jS>zs>~ A_3 UaJJ 

I oloLijJl CoLv-SGs ^3 0 1 jJo>c_^J I Ao j_o>cJ I A_i_l 5 sJ 1 3 ! joa 
j^3 jLiJl |J-A (jL^Xdol .dJ^LoJl do I ^Jg-*^o ^jo2iioddJ 

A >3 1 Jj>do 1 J I l *>ldo djjill d>-L>-jJl do j^-AJ OJ 1 jO>nJ I Jwlo 20 

(>do^jd^_. t^jLp j-hjjJ j' JIjJLp-I ^ jJ j-S* 

I iww-^vO dl-doJl J^p ^ Lq| ^J-v 2 J>xO 0 LU 3 wLxj J-J ^dJ 
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oiJJ3 opL_*_> 4_>j_p*c Jl o3loJ! oli-SliJ j \ t I j_A *)\J 1 

olc^Jl Oj^j 1)1 t0j-_--SsJl oLLUl oL^Lo ^SUI ^3 L_*-«-J^ 

jLi-Jl |j_A ^>c_>c_j ^_J 4JC^3 jJ 1 oIjLp oLjL*_o^ 1 

c ^_lp . 4-3 Ua-U ^)>A— >,<g— g s _S* ^ J^j> c JL^vO^ 

j^oJLwvwoJ 1 Jj3 JjJ 1 l*J I t j_*J 1 |j_gJ Ajj-S'Lo 4_oljJfc'y oLiwplA 

oj-A ^ I Jj>tJL~o I Jjjj .^1 j^>J| 3 L>_U 15 4jj_«j>tJl 4_lcSsJ 1 oLLaj 3lj^>J 
^0 ^Jp li ^JSlCo ( Jw« LccJ L L 1 I ^j3 ^IpxJo O lo-P If! I 

4j 3 j j5l> o_3 4 ^L>j<J 1 0-L& j j3 ^j-a I 0 j~£S\ olllJl ^y» Jj33 

jUJl jl gjUl 3^1 ^|JL^L-I jl C^JJ 

3 jJ j_S* jl 4 3 j-jVI oL>-Lc*Jl ojlj-^ jjJ (Biogas) 

.* I 1 cj IS” 


3j_3jJ| ^IwLp-cJL^I <cJ LoJLp- 1 j_A 4_> j_p»cJ I 43 U 2 JI ( ^jloLa Jp-i d)| 

^3 (J^ojJl 3j3jj 4o j_^>cJ I 4_icS\J 1 J^a JjLJI 

cj^l <L>L*J 1 j_>- o3jJj>c_^ ccJIj la 43 j_SlS .^JUJl o Ltf-^JaJ 
<J *y oiliSj c Ll>- 4 XU 3 oLw<>-Ssj i ^3 Ja_L>o (J jj Ixj^I 1 <Jl^o 

5 s > 

. (J^j jJ 1 3 j3 j ( ^o ^ J_> c Ja^w>u (_£ jJLvwa ^lp t ^ iJlJl do jj jj 1 

odoj ^J-Swi ^ip 0 1 ^/2 _xj ^3 c^jLjJl Co jJ 1 o3lp Ja_L>o 

(1)1 <Jjjw\Jl 3 j3 j £-a ^3 45* ^l^JLwo 1 J_xj oLLL 

( JwW? lo>c^3 j! SjJJI (J jj ICj^/ 1 ^Lu) ^Jo .oJj>-^J ^v2_)I ^J^xJL^vO 

o L> j j_CwoJ 1 ^Ajj\ ^Lo| jcp >cj j_>c_) LoJT L« L>j c ^ 1 op 

4ol3 J_>o jJt> (J jj I CoLwoljjJl CC-Co J-3 j .Oj^vw^Ji 

doLwo-S” (1)1 oLo>tJl ojjjJ 4_J_J_>o 4^>lj3 CCJwO j . 43 U 2 JI — *JlsS 4^-LoP 
^jP (J jo>c_SsJ I ( Jwv2_^jJ I 4_Jw<>P (J *>L>- 4o 43 UaJ 1 0 

.3Lo_s^Jl ^Lo^Ij oijljj>c_iJ 5j-$j 1 Lv2_jIj tf-LoJl 

^LcJl ol c (Pimentel) (Patzek) oiL.jJL; jp J^S” -^rjj 

^5” I 4j j J j2 ^ > ~ ^ ^ I 4^>J I ^3 5 7 j 29 ^j-o la 0 ,JJa)o (J jj 1 


4_l)L^J I ^wCyg-a ^Jp oi-U3 


C Jjllio^l 


Ir 4 


JJJJ 


lr* 
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lbolJ)L~*wO 4*dooP O-^vwJ o Jok <1)1 ^n4?1jJ 1 .jbl?»*o>Jl 4 j j_0>*J 1 

4.Ll.w» 1 jj (J jj bo^/ 1 3 j3 jJ (_£ jl^oa ^1_P bolyg.Xg 1 b>-bbj <jl ^-*j bo 

<1)1 ^ ^_>-l cjLw*»Ij^ ojb3 j . oLLJi 1) j-^-j <1)1 <j-^ , ^ ,,, d I 

^IsL)*)! SjUl ooLL*_S* bo j j_LL~J 1 4_J j V 1 3lj_»Jl oLllitjs ^Ij_>cJL^1 
^3 1 o3bo 3jJ>-j o^vj jJS* I b>3 bp2-X3 1 <1 )j^j <1)1 J^^oo <J jj boVl 

4^L>-P J*>b>- 43 UaU jJ»o2^oS* ^Jj>tl~*j <1)1 ^j^o>j ^l! 1 bJjV I 3ljo>Jl o Jj& 
3 ji j LJ _bp Jj^ 2 ^>Jl .(see Sheehan et ah, 2004) Jjlli>^!l ^bb I 

jl ^vwo-jJl jlj3 obJ 1 <y ^ t(_£j^>Jl JjojJl 

C^LwoljjJl <1)1 ^j-A ^_P jJ 1 ^_b_P .OoLbJl jjbo jl lo j_o 2_J 1 <J j_3 

oilA_gJL~*0 <1)1 bj2jl ( j^J>J (_£ j_0>*Jl (J^jjJl ^ bb) <1)1 ^J) dJjbJol 0 1 

t j^bJl 3 j3 jJ 1 ^3 oljJL>c_oJl <dJJu J^S 1 j_4o>- 1 3j3 j bE bb 

(see Sheehan et ah, aj!Jl>- ^iS’l ob~-lj3 bb_~-l jj 4o>e_Jjj I oSa 

^-go3j <1)1 ^J^-3 ^51 J-£>- ^J) 4 j>- b>o j-oJ 1 <1)1 jwLo ( Jj5bJ .2004) 

oLJwo_p (_^lj 1 4o j_o>J 1 4_bi5bJ 1 jpLsXwo ^JoLwo 3j_$ j iS^ y 

j!zS 1 JoLJl j jo2o>- *)! 1 3 j_3 j_U JoIJlj ^^J) <£*}-> <1)1 C ^ bo) 

.^JjjbJl ^£jj>Jl ^bp 4^ 1 JjJo 1 


J_d jj 4_*_bo-P 


ioboj j-^-SsJ I bSUaJI .5 .7 

43 UaU ^5^1 O bo lJj>JJo *)! 1 Jj>- 1 j_& bo bo j^^SUl 43 UaJ 1 J.J jj <j) 

bo bo j ^_$bll b£ bbJ 1 ^bol <1) ^ oJ>oLo 4_d>oP ^A j (. ^ j^j 1 ^ 1>- 03 Jj>«JJ>J 1 

xJ •[£y>~\ bo 1 jA olobx-ol jl 4j^b jJ 1 olj bp ^X)o ^ 

b j Aj>z-+J? U bo>- jJ o 1 bo j j 1 olk>tJ 1 ^o ?-b 1 

JwLq2-^-S' L_*_J 1 <J Jj>- e-lo 1 CJ bS" ^J-^3 b^O IwlobjL-^ 1 pj Jj J 

Jo t^i-P bo bo j ^_5sJ 1 biUaJl J_J jo J-oJLxo . o3 J_>cJJ>J 1 bs UaJJ (_£3 L,^>.3 1 

J^j^b) <J 1 V^n^b^O ^ 1 C 4^^bb J J J^wA 0-3 b-O J jj ^»^P P" b^»l 1 ^j»o 0 C. 3 b»^S* 

C3 bb_>c_^J 1 o jjb <1 ) j_Soj <1)1 ( Jj51»oj .-blj bi-^os 700 ojJ-bj 

( jjo ?-boJl Jb j-b-o ^_^bp wLoJLxo ^1 (High Head) ®<Jbp ^Lb>jl® ^o j bJbo 


^ 1 ^3 o 3j_>- jo3 C3 b)-o j jo j^_P ^bio ; 
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(Low « ^-Osbo2j (J jSL (jl j \ L j~S ^jL yiy^ 

JlJjJ L^J ^J\ (Run-of-the-river) « I jl Head) 

oj j_o-*oj oljojjo j+S* e-LJl yo 1 Jo>- y~^ yT z -^~ J^-L ^Ja-^oljo A3 UaJ 1 
j ^ I O li2j>c^3 ^ b> J t Lo Lo j I O ll2J>sO>2J ( j5L>o . 1 ^3 

oo2_lo>- oLwoJl ( JjjJj>&xJ Jj/O o j-y^ oL-L*wO ^JjL^to o! t^Jl_*Jl 

^j_P ,j/2_*o oX-*j A_jU Ljo ^3 A_JwwO 0 j_£o <oLpj OjJ-wJi 

^J^SLXo Cj LLpx-oJ I o Jjk ^JjLo jOjJao JwgJLxo . A_^vwO jJl A_o LSLL i 'j£ 1 j-oJ 1 

LoLj ^5711 oll 2 j>c^)Jl ^JL*-q j5 ” yJj t A_Jjsx-oJ I Li I y*->z} 1 ^Lp <SOJ y^ 
jLgJlj jaJjLLj Ob d)|j_L o Ji L~^o jJ 1 

^_>s a_LxLI ^3 1 8 1 jj>- o')! 1 a_o L> j j_£_^Jl Li LkJ 1 ^j_SLxo . 5 ^-LLS” 

^5 I ^xj-L I c I_\_lS” ^xO Oj L>j-o c Lw<L Lp ojJ joL I a l_j Lo>- j 

Li LLJ I o LL-Lxoa ^Jw<>_>c^a ^jLo Lo jjL j c a_L Lo j I Li LLiJ Lw^J Lp 
^Lp LLo I ^j-waJ 1 Jwo-ixJ . Lo L j 1 ca 1_L>c_L 1 ‘jjji j_LU LoL 1 
JoljxjoJi kwL-LJ! Juj^J L^J ^Jl j 3 L,^-oJ 1 Jo>- LS" a_oLoj j_g_SbJ! L 3 Q 2 JI 

s 9 j_*^> ^xJ 1 jOlS* j AX-wL I C3 Lo J jXJ I j3 jj o_3 j_~*j . f- lo ^^S\J I ^lp Lp j^o 

£Lt ^ (Three Gorges) ^ U~G yS y 

Lj^p L ylo J -g_S' J^lj LLw>- 18 y* ^^JLp oj-^ t *>bio (Yangtze) 

( jjo ^_PjJl .ax-^j 17 Cos L £-Ll>! o^X3 J-^_) 2009 ^Lp ^3 ^j-^xSL 

(JUJI ^ ^jLj j-LoJl c ^->c-oaJ 1 jLoL 1 ILa jjjJaJ 

LvwOj ijwLv2o3 (Jj^j o_ 3 Aoli C (J Jj>JJ I j-Lo jL ^JJl 

.AP j^o LlL 1 1 .iLsXs'yi Jjjjxi o3Jj>tX^>Jl f-L> 


Li LkJ 1 o Llg.>c-Qwl a__jLLj^I cL_Ll_5LxJl ol ^_pj_Jl 

<.Ljl ^>Jl A3liajl oUaj>co3 c_LJL5sj 0 

j j3 J J-^ 5 ^ ^3 jXLa j-o-P Ja^» jXoa o^Lp Lo L j I oUao>tx>JJ oli 

l)| .?-Ij^_5LJ AjLSsJ 1 y2^s>-j !jwLo2o3 ^3 jo oillLj c 3 ji j cLLlSvJ 
^ I c a_ojLwL! I Lo 15LJI ji" 1 joL I op ji o Jo o j~S Lo Lj j-^S' cj LL>to3 

(1)) t L bp jo o3jJ_>co 3 (j'b/l c 1 AilkSl c_L2^ ( jd? Ljo ^ j3 
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A3 L>3 Lys2A3 1 ^ LoJLA ^ L> A_>cJ 1 4_o Laj 1 43 UaJ 1 £jjl_JLa ^.Ja.x^a 

4*»*aJ L U>c__>c_^? AJJ 3 .^JL*Jl y° o jzS *\y>-\ Ia^vwo 

I oljJ-flJl jy> I (_£A>-j Lg_>AJ I c ^Lla oA>eAoJi jJ I ^Jl 

o IS" cj I j^j cj 13 4LJ3 <j^M LgjjJ ( ^5D t ^*J l*J 1 y* ^oLoj^^Ji 


cJl *) La 


0 j-^>- ^ 1 oljJwwJl ^3 oLAj^I O-tfJ ^_>j . Oj-AAAvwa j_^P 

L)LSL~o ^aJ LJLp oA^a*-^ o j_5sJ I 0 j^j*..+,£>.) 1 4«oLojj_g_Sd! ^>jLJA>J1 

4_^>-3j_^_j CJ Llg->c-oJ I oJ_A 0 j_S\J . o-As_x-Jl jl 4_oLJl JjJ^La^JI 

1 J_^> e-lAj o3l_P ^JJaJo tJ^lj L*_wa 1 ^_^a ^g-oJa-P 0 jAJLj 

jl jLgJl ^ ^UJl jiJJ ( _ r Lt -U-i*J J-^Aj 

f. *** > 

^j3 1 ) 43 UaJJ 0 1 4_oLojj_^^Jl Cj 1_12_>c_^J I oAa ioLp .<JjI_\j>- 

4_o LSwj 4_P j_o»>^a Ajj^aJ 4_1AjA^o CjI A?*- j_S* ( *)\jLa \z\ j j_L_S” 100 ^a 
L) J 3 J^a t Lv2_j I 0 (J Lo-P I 'jS> I jj» j I 4 S'jys £_-JaJ L j\ l 0 

^_j j LJAoJ I 0 A_& .4_oLj I 4_^A_>tJ I oL5s_wAj LgJa_>j 

^»AP L&AjI j3 J^3 LAo JUap^I oAj AA O (1)1 0 1 4A> La j 1 

03 Lp L^Ao ^ja_> c 5 1 C3 li2j>c_<)J I (J L>c_S* 4 AaaJ1 oIjLp ^La| 

I t 0 I ^jLA-oJI ^>5 4Jl3 IjAoJ i AJJaS* 4_^P LaL>- 1 j 4Aj L-AwO 

A I *— J *_>- ^_j 1 J J l ^ ) V 1 4_)3j 'y (^~ w0 ^ A (Jlj-J 

A<Axj 0 AjwL>- 0 4ALoj j^S 43 [}? LJAj ka li j ^y2 j3 l)} . 1 

£J j LA>5 4 _^»aJIj (J L>cJ I U5 La LoJ (-3^ ^ 

L AAaJ 1 J jJ^ ^3 -^LAj O^i .iJlAJk Jl 4_ola J J^£S\ 43 UaJ I 

C-iwLgJAvJ ^ 4 ^-*jAJ I O LoJaAoJ 1 J CJ La jiLpJ 1 J^a ^J5” 4j ^ 

43 Q 2 JI L) Al (> j^LowoJ I ya d«> ^_3 1 yA AjA^cJ (J J L>cAJ 
4jAJj2j j3Ls^2*a /^a jLlP^L I^j A>- Ij 3 L,<g.l3 1 %A 0 j^k«,£>.\ 1 4»oLaj 1 

.^L 


o U xa>«^JI 5SUp .6 .7 

^a o3 Lp j^>s_) 1 J A-o-J I 4_3 l_L? J ^1 j— a ^ | 4_3 Li? ^j_>s j-* JL*_j 

C <UllA>t^5 4^oj L^> I ^3 Lw<>j 0 ^L<j«^-> L>-^j I ya ^S* I ^ ^ 
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43 Li? 43 Li?)) Lg^-Jl £jj>- ijr^J y 0 Lwjj 

_LoJL*j ^ 3wb>tLa 43 Li? jX^2ji Lgjl ^ o Jj ^3 U Lp jj j J^xJ I j j_LoJ 1 
4j 1 j»>- oj^o ii llA .4*ww*>L»'yi 4x3l_\Jl 4j j3 4^*jJ L> ^v - o^J 1 43 Li? ^1_P 

43 Li? l)I (_5^J c c 5 J^ 3 *" o3Jj>tL4 43 Li? j^L^o 45* C^-~*wJ (_£ jJ>-l 

45” ^3 ^Jo <1^S>- L ( J5CjL) l_£_*3 y ^j5Loj L^lJCwJaj j Jj>J 1 j _U*J 1 

OLlAj^i? iiljjfc .^^Jlj j <Lws^vjJ 1 45" jj>»J 1 jy>*]\ j _LoJ 1 

^5” J^s_>t^oJ I ^cJa-wQ 1 ^*3 ^JLo-J I yJ*sS I l5_& Lo-g-3 


o3Jj>tIuJ! 43UaiJ jJ_v2^5” 


r 


j L> jj^>Jl j 43 Li? 


J> ^.>- ! ' 


. 3jwLs~Jl ^yO ^J»5s_ji 


f^ 

l yo o ^_5” oL^5” Jj>cj?*cJ ®jj_>-j wL« j_>-L>-)) 

C_3*^J?»-1 (jl5 t J-oJ I y^J>zy LowU-P .J«oJJ (J I Jj>- Jj3-Uo 1 oLwoJi 

^-J L>- Ja^Jw<J ! ^>c*J I ^r.i?.*,o ^ y^~J» J I L) l^5xJ I ^ ^ ^4 j2j^ I 

0 I 3 <l* 52J jjwLjfe oLlojjJ j-^p jj 4^3 I o I j5^J 1 

4-0 Lo J 1 O Liaj>e_*aJ I ^3 4_»_5 1 I^LLLl] 4_^_J LstwO l ^Lajj 1 

^5wj >0 cj Llo j jjJ 1 o-J jJ L>,5>_) I co'yujl y2-Kj ^3 .S^iGl 

43L»/?^Lj cj_?>-Ij>kJI ^jLoJI L)iij_i? (J*^L>- 5jA5Jl jJ jj5 

jJLo c * 2iJ j-5 .(jlj->*Jl L^wU-p jjj>t Jl jL~^>o! jjJ I 

L)| cLw- >- t 4_.J_>c_^J I L*3 1 j-P j_> j-i?J Li 1 j_^t5” C->Li2_>c_^Jl ^jjJ 1 |j_A 

j3 j J tJ-»Jl ^3 <lJL*J| 0 I 3 ^514^1 ^3 jL^j'yi oLw2j) 

.jJ^xJlj J^oJ 1 43 Li? 4^_v^jJ L> L^Lv^^l 4^P 15J I ^3 1 I ^Ja^o 

O-J^) 1 I ^J>cJ>cJ I 0 I 3 OwL>>- jJ I jJj>cJl J J_X>J| a1zj>z~a L)} 

(St.Malo) jJU jL*. (LaRance) 4Ja^> ^ oJl^j 

t 1 966 A Lp ^3 4^J_>cJl 4_iaj>c_oJ I oj_A 0-l_>-3 . L~*o j3 J-^L^O 

0 I 3 t Lo j-4j jbosl 8 ^-Lo wLLJ 1 (J L?x^3 ^2^4 cj3 15jl^o 1 j 

Cj b_oj y^ ^ I I . ^y\j S JaljLi-««4 240 ^Lo ^oJa.P XJ oj J3 
t ^ L52xJ MJ iLUJl 4 ^Jw>-S/I oli (Bulb Turbines) «LJl^ » 
!>Uj LaJJ-P J^>Jl CJ L-Lo-P OjJ-flJl ( j>s j5 
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.J-oJl j^S>zSo La_U_P <J l^>tJ I jJLi OJ _LjJ I 2Xfl xj JJ ^Jo LgJwO 

c aj^^J I ^3 ^Lj_g_^Jl a_p L~a Jj?1jL*_*j>~ 610 oL-ojjjLl jJ jJ 

aJo->z^o ijLLA .AJLgJl ^3 30 ^J-A ^J-3li A_*_~o ^J~a Lx_a 

^Jl>- iikjwa ^ (Annapolis Royal) jllp j3w^l a~_>^>o 

wL«J jJo j c^jLj_g_S* .Llj L*-wa 20 (_£jLw*j> ^o-L-p oj J-3 0 I 3 IjJwS” ^3 

L*^o L/2 j I L^jjJ 1 a^vmJ I ^3 ?-Lj-^5sJl ^jA ap L wo -LljLx^>- 50 

. AXgJ I ^3 3 0 I A^x 


JwA 


0 I 3 (_£ j_>-l A3 LL oLi 2->z-A A_~o I j3 CwaJ 

^3 <J < w2«a ^3 |jj>- 5 ^*5 O lkj>e-a Jw^-I {j* ^ J j-L ^j-o 

J^M t ^3 (^5-U3 Jp — <~Jja>- 

Lj ca>JL*JI ^-LLj^I aaLS* j_a ^3 1 . o [Iss^z ^} I o*La e-bj ^*Jo 

oliaj>c_x>»j aJ jU_gJL a_^ L>c_j j t*L j_g_S\_U a_«JLp c_i_JLSvJ (_53j_> 

AoLaj j^S Aiaj>c^oJ A^-vJ A«Jl*Jl AjLlSLI oAA .A^*j2j J^a Ao La j j^_S* 

> f- 

A laj>c-a J j^PxJ I J J-gJ I _L~a Aia^>c-a ^j*3 *}\Ss>- L (J 1 ^j^g-> 

a«wv*jJ L (Head) *LgJl j_Lp <jl j-a lJjVI .ajJ_L-aJ AoLa 

j Jj>tJ 1 J ^LgJl (_£j»g-> lJj>zA Ojj jsjz JL J-A jJ^>cJlj JlJI Aiaj>c>a 
A_^jLaj j_g_5* A-L-Os-a ^3 <J L>J I j_A Lg—a o 3 Lp j_A 1 

fP ^liJl ^_i t)Lj>- ^ 1 Lai .^jj>cJl ojw\3 oJ-sLj J^>c_) La t A_aJ>-3j_oo 
J^ jl AJais^a j I La <.jj^xi\j Xjl Ja*jd AxIaalgJl AjuJaJl ^y> 

Ojyja’j o ^13 J *>L>- ^gJaxJl ojJlHJI Jl IP JlJ^JI ^Lp Ja^3 ojili 

jj^sJlj J-gJl c_a 1>- ^-LgJl LoJJ^P L^_**o 

^ *.**-?* 

C ^>s-J I ^Jl IJLjIp A-LgJl La^J^P • ^ JLow a ^^3^1 

AjJwJ 0 j J3 ^J| ^ La c j\ j a*L>a L 23 Lju j3 I ^JLgJl A-LgJl ^-Lp (j L 
Lg^) XgJl A3 Ua O Uaj>e-gJ Aj«-wJl J^a L*-a jli > w ^Jl Id-gJ 

ALgJl ^3 30 J 3jJ^s-a * L JL Ua>-*y 

•voUjj^isJI olk^Jl |» b« a O'Aalau JJ i ^ JJ I i LjyjJ 

iiua j LgjjL^j^ I ^j-a i j/3.g.'>w^gJ I ^JwaL<-gJl I J-A ^JLXj .0 
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^3 /^-Sbd-L) 4-o -LoJ I 4 .-n. 1 1 g 1 1 | ^3 o3 Lp 4 j I 0 ) I ^bto^f I 

^jjul 4^15* £33 ^Jl ^£3j^> c-iJL>- 4d IS' oLo» j2y>- {jA LLgdl I 

* L L r*£ J| 


^3 ^_A jJj>xJ I J J_oJ I o j_3 ,j_a LSLlaJl Jo>cJ>cJ 4^o UJ I 4-AOjJaJl 
ijr^' J>d'j wLoJl do 1 j Lo Jj_3-L> 4_P ^_-a> ^J^P 4-oO>- LJ I ^LlaJl j bbd_-a I 

^3 (_£jJ-Ll 4j>eddS” 4j^wsJ 1 <db-LJl ^>-!^>*Jl ^3 ^ Ua.1) L) ^J^SLdJo 
J £3 j-oJ 1 ^^i-P ^ Lgd*— Lao cob LdJ 1 0 -La J-dL *0 .Ja_o>c-gJl do L) jd— a 
do I jJL< 2 _> L-3 Uaj 1 J^a 0 j_w_S” doLwo-_S” ^_L_P (_£ J-d>s_J <jl I_v 2 _)l 
^3 jjlS3 jl jjj j^xj 0 jJlaJI jJ jj t-illS Jlaj j^SLoo .L^Jadda 4_^o j_> 
t o3lp do Ltf.-Ja.ll I oJ-gJ 4 ta ^ A iLL^Jl do L o J j^}> 1 0 jSL .j^>tJlj -LoJl ^ 

^jjs JS jLdodl ^_j Jl3 j 4 d_2>~ L) 1 doLdojjdLJ 1 ^3 4_^_>LJLa 

(J 1 yZ 'y j .L_)3 j_^wx_J 1 jjL>r_^-Jlj 4 _aJL_ 3 V 1 j j 1— 1 ob |t—a LoajJ 1 
4 l-b>- o jSwLl jj jkl! 1 4_b>- ^a ^3 j^>J 'j x<J 1 do L Lo 43 Uo Lo>- jJ jZ>z 
ol ^Jw<>dd>c_<>-J 1 . la 1 3 4_L-_L3 4_^_J j-^-Z ^-JjLsl-a f-l_d_> ^_j J_3 j 

^j_oj jdJ 1 j_A j Jj>sJ 1 j J-oJ 1 <3 UaJ ^- 0 >c-v? ^ 1 j-> dJ 1 £j j_dwoJ 1 <J j-^o 

^ ! j LdJ 1 do y> <kS j-^ 4_la_AAi I yj j y!h.^.\ I (Seaflow) ^ojdJ 1 

w > 

o-La d-JuLi .(7-7) J-5wJl (Marine Current Turbines) 

J- 0 >-Ls» doljJL^j-Ls-S” 3 wLx_J ^_Lp ^JLs'yi j J_>c^g Jl dob 4 5 'S/ 1 

do LlJu -bwa (Lynmouth) dojLd-J (Devon) Jj-L^ 

jJajljj (^^j-LaLj) (L^-j^-a) Ijlj3 .2003 j»lp 

C-dj .^jL j ^ S J^\ J yLS 300 -A_J jZ ( _^-Lp Oj^Uj C 1 j-do 1 1 

y j} L^x3j j l y>z^J 1 j*3 ^-Lo 4_^>c_s4 , < d-Ai b 

.(7 7) JiLdJl ^3 j^-A-a ^_a L>»S* c L^jo L-o^^ Lg_do ?-L<>Jl ^c-L-aai 

c_3 (^^Ll ^ (j^d>- ^ ^ 3 ) a, 1 I -La ^dj t-_3 y~» 

c j I j -d>J 1 J t>L>- y+j* L>cj 'y 1 ^3 * LLJ d L_y>- ^ (J'**'*^ <_5^ •o.a,^^ 

^JjLsL^a (J 1 jZ .^jL j-g-b -i^l jLi-A-a 1 ^oJa_P OjjJL dj-^O t-_3 J_-A> J 

^dl 1 dLL LgJwa C L?.A.L.>dJ i -L_3 j J j>tJ 1 J JdJl doljLdJ ^ J-^1 4 _a— J jO>o 
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. "Seaflow" Jslj jLS 300 jy>-j JU jU jJ y :( 7 - 7 ) JiCiJI 
. (Marine Current Turbines : jJUaJI 


c-> liu j jj 


JSLi ( _ s ip ^\j 

oLojyJl ^_*p jiJcJl ap^_~o ibLj dJJS (Fence) 

CjLwOj^-j j\ JJwP . <lJ Lp _La CjIjLo Jj-I? Lw4 ^3 

^Jo i (_£ y>- 1 4j jj>o oI^Uj 6l>o ljw« ^3 Aj ^j>c_J I oljldl 

111 b J .4jjJ>c-Jl k^-S'lj^-U A_LoJL>t_*»J I j!b\s>z^}[j C Jg.l Ij 

dj 1 j Ljl) 1 cj Lwo ^ws_S” jJl] 1^ ^wwo_v2_iJ 1 aJ Lv*w« (jl i^_y^ j j-a-oJI 

^1p y >zj j Ajb-*j c ^ j>sj>sJ 1 y* ^jj (_£ I ^1p t aj js>x^J 1 

. £-3 — ^*3 J^3 

oUa_^>e^Ji J^al ^3 03 jJ>- y* 43U2JI ( ^0 0 J^S A^dS Lv2j! 

y» ^jJJLa j^w_S” (_^wL« J-3j t^^-oJLxJl wLwx^aJl ^J_P 

( Jwv 2 j . 4_Jw<*_P aJL j-^ 2 _i A3 UaJ I 0 j_& ^/ 2 _x_> ( ^J_> ^ 
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jLjLp'yL o3jj>-LoJ 1 ojjk ^1 L)^M ^1>- 

<jj_>t_i jIjJu ^j3 j_j jJajJ I j LO>&_J I ^j-SLJ <. ^J«o<_JoAJ 

^_L_P 4j>- 1 O Li2-.w>&-o-J 1 ^3 ^1 j_^3 V 1 ojJ_3 CJj J_3 J-3 j . o J_j_\_P 

L^5G t JLjJI ^J^SM Ja-^Jl J ^uJJ ilj 90 ^Lj Lgj! 
^2^0 . 4jwv*J I (J ^ >\j>- 0-3 I J ^3 J_oJ l C^s-wv->0 i -— i 2_ijL>0 ^JaJ L j 

jj>*_> ^c_j j L j ol3 jju c o J_>cJoJ 1 4 _SCLow<>J I l) j-So ^J-Oj>c_x>J I 

IwLl1_i5L~oI ^3 L*/? j_v2_>- c (J L px_^J I 1-La ^3 4_£L_~»Jl ti aOuj ( J->j_l? 

43 ll? t>lj>cjOo 1 o ' j.<s.^->o o j-5sJ <jl . 1 jJlL>s_>J (J L>o> j 

OwL^J (On-shore) 1^ ^SLO_> 4jJO/2^3 

-k->- C l^l k_3j_v2J Lojj-P 43 Q 2 JI .j^? ^L^-rJO* I 

^*3 ^1p «x<Oxj I (Off-shore) ^l?LiJi o-0*j oL^o ^3 o lj_*^_>o 
I Q> ' J.«.,^->cJ 4_*_oL>- ^Lp ^3 1-LwXj 

^3 1 Ls £^jl>zZ l*J Lg_j I3 c Lgot Lwu w ^_i? Ll! I — ^-Lp ® 

^J_v2_j LoJ_LP 43 UaJ I (J 1 Uw^>J 43 Q 2 J I J_J j_j ^J_P Lg_j jJ-JLa 

4-oJa-j *)\J 0 jj-ig-oJ 1 oLjJLlJl ^Jw»^23 i <_£.-L>-j jl .^J^LJLJI ^Jl 

^3 * I j_g_J I ^3 4_>- j_oJ I J-o-P j> I -A_^-cJO< 1 ® ^^-i? L*^J 1 — L _5-^' ® 

43 j C O I I oJ Jt> ^.]g-X-» l)| .^jJ->- ^J-SLo_> Ji?lj>c^3 c_ilj jj>cJ 

t (Oscillating Water Column - OWC) «o^-<Jl oL^Jl Sj^rL 

?-LoJl ^0 ljJL^--o 1^ j-<»-P jJ j_j o3ji jJl 4 j>- 1 43 Li? ^jl J_S” 

^ o— P Ja_^ ) -LjwL-x_) .^_l^l_*L_ll ^_L_P o3^J>- ^-o-J I i**-> ' J - g - h ^3 

^j_o jjJ ( Jw^OoJ Lw- olj3 ^3 ?-lj_^Ji -<>. 3 1 oLw<*Jl 

c-'j g h ji_-_j ^j-^lsL-^-jI - c-i ij g ^ h -\_J j_j 

jjla)) oL^-Vl ^3 l jl jOwxL) 

^ 4-^jjJ^ L^LwA . J^L.— v-j jOws ^3 -Aj Ja_oo 

Jj 0?SJ t 0 Jk? loo 4 j>0>-L OL JJ^\ L>- ^jj ^ 1wL>cOo I 

oLptJL) ^j_o j jjJ I ^J»P ij^li t^_^L>xj'yi ^3 


172 



LL s j g jL^Jl i) jSLi ul I 

(Land Installed Marine c~_^_J j l g » - ((j_ 5 _LLlJ! 
jjjJ' 4_*_aL>- JJljJl Powerd Energy Transformer-Limpet) 

(Wavegen) i j ^ (Queen's University) 


Jal j jLS 7 5 Sj jLL> 


?-Lo 




J_x_i . 4_o 


J Uaj^J I 


300 »A_! « 1 c j * « ~x_i i - ^ I ^ ^ * j ?- i ■ — ; /y i c , Lj j ^ 3* 

L*J 1 L>- (Islay) o j-i ys>- ^_1_p <. ^ o^_\_3 .Ll^ ^_LJ” 

(Limpet) oju* cJ_*jl51 JjlJli5L*I ^ 

ll^J Ua-LjkJ (8-7) 

Jl5 cw>^ o2l5 LJjSfl gJLuJl j 


2000 ^ Lp 


<1)1 jJ-oj . ( Jwv^VL £3 jJL* j_A Ljw4 j*sSL> ^Jl 3 I 1 ojJ-i 

4.,+/?.A.Xxd ' 43 LL L^Jw<w? t 0-\_P ^Jw-a I jp oJjlp dU ^3 

oL>-j-Jl 43 LL ^Jj j^>cj ^3 Se-LiSsJl (Limpet) jl^_>- 4J_*/?1 jJ1 

<1)1 .4JlS (Pneumatic) Lj1^_a SjjJ 

- - > 

L> cCJjjs < J Ls £-) 1 _L~o l_LL>- Jj>tj I 4-^v-o jJl 4-JLX-+*>')J 1 4_JwJl e-Loj 

15 1 y>- 43 Lv^o ^1_P 4-~o LJ 1 ^3 j_o«J 4^_gJLLoJ 1 4*jJ 1 <1)1 

^_3 j-^rr^ (J y^-> * —*—*J* 1 ^^Jj <JJ— I .^_L>-LvJl Ja_>c_J I J^a lj— 4 
^J-p-LJl JaLrJl wLLP jJLo /J^lj j-Jl^S" 20 J^a o3jljJl 4 j>-j_xJ1 oj J_ 3 
CALLS' dJJ55 . ( _ r UJJl (Limpet) y> _u_p jX* /L>lj j_L5 12 ^1 
1 j_A Jj_3Jj £_^a ^JJl (Wells) J_Lj <j_o j jJ <1)1 1 Oj*J>- 

t V L lj J.^.'La <1) US' LjwA J SELLS' OlS t l_v2_J I jSLx-a 
4_o L^jJ 1 4_--0 LLoJ 1 0 jjj Lai . I 2 JL 3 4j_^>J 1 ^3 40 4_^ l_La O^LiSsjJ 

DjLL« t ( ^jL J _^_S' _Llj j-L-S* 21 oJLSli (Limpet) 
.^L^5 J^lj ^L5 200 J\j>- <1)15 ^JJl J}Sfl 




Jl 


UlA 


^ 1 ^1 J>a 1 tl) 1 1 <0 1 ^>sJ 1 1 

oXjLo Lo L jr-^5 43 LL Lg_L jJ>o <1)13 t 43 UaJ 1 o j-^5 CJ Lw<>5 

.4j 2_L^J1 1»P wL>cJ ^»A 
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eLoJI 2 j^s- Limpet JaJa^a ;(8 — 7)J^3JI 


^i yA Vi 43 Ua o y^T ' ^j- 4 I jj V i ^jA I ^i JZ3 I 

4j>~^>Ji ( J ta *3 ^ I Jj>xJL~o I ^Lp wLoJLP I j c £^Ja L^J I ^j*a 1 _L^xj ^JwoacJ 

(Nodding Duck) Jl jl^-S* oj_^_a-i ^i jj* y>- ji yJ 

^jLp jL^j>- I 4 Ja^vwJl 4*3 i 1 aS” j>s]\ jl c (Salter) 

jl^J Iwj (9-7) JSjtJl jj-j ^1 2_> LgjJ l y J^-aS' 

— o^_-_oj 4_*-al_>- ^3 SjjJa_oJl coj-Ss-aJI o^La ^3 .(Salter) jjJ 

4_w_Jo j Lg_axJ 4_o Jj>- 4_o Ijj3 aS jJ>- ^3 ^i Vi jj jA jj Jj_> t i JjJjLSC~o i 

Ja jjj - 4 ^J-S" J cJ y^ ® j 4 >- i <• (Duck) <La L5o 

AS>r «/?A yA i 4^J i JJ_\J i aS ^>tJ i Jj>_L*_> ^JaJLwvJ .^a-c_J i ^ii 

.^L J^S jj jA 03 LiJ 4_aj *^V i OjjJLl i JujyL 1 j->-i j^a^S' j\ 4»^S\. J 

ilal^i ojwLi^Ji <J j_^a jJ i 4 _oLpx-j| 0 J_g_>- V I j-* °j-&J jl 

43 Uaij (J Va*e_ow 2 i (J j-^23- Oj^ J^a t £^Ja LJl) i J^a i_L^XJ ^ij^aVi 43 UaJ 


od_& 1 *jj .^laL^Ji ^lp 4*sS” i oij^J>tlJi 4 J L>- ^3 oV^i Lo-S” 

ul3 i jP ( Jw<>j>cJ ^JaJLwvJ i Jj>- 0 oj-g-a-i 4- L_j ^3 (_£_L>xjJi oJ_^j>-Vi 
^3 c_i j jJa ^3 4_iUaJi w\_J j_j ^a ^S" 4j>-U>cJi j C 0 J_j 

y-& J t ^->-i l-CLP 1 ii IjwA .£^Ja l_JL)i 43 LlaJ i od_A *“ i 
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.Salter "Nodding Duck" : (9—7 ) Jiwll 


dj>- L>- ULa cLwj>- t 1 <a£ y>- as>z^j j& U^o-U I j jp& j*z}\ 

Oj^JLx^O <L^*S J-J jJ ^Jo ^SD jJ>s_J I ^cjg.**> J^O 5 Aj>- L^wO A_Ua_xJ 

^o (JUx^o ^^-P J^J^-lJl J^o j^5sJl lUJ .^illaJl 

c cii_Jo ^j-o c aJLj>- V ^_) jJa ) <J U>_p I c_3^_^*> j i o^_^>- V I 

( J-xj>o ol ciJJUjj t o ^ 1 oUa ^J.^3 *y 1 j_>o j-) jJgjJ 1 

^o aJjULoJL jJLS* I A_~*3 LwO oJ_£j>-i Iw\_SLa A_oU oA>- jJi <U2_i_S* 

.Aj_LUaUI oUsuJl ,V AaISU I 


*Lij\ J>- J*2*c}\ iSUaJ I .7 .7 

c wL^>- jJ 1 o^ApxJL^JI A3 UaJ I j_Lv 2 »o ^A Aj j l^>- j^j>cJ 1 A3 UaJ I L)| 

.4_9UaAJ j *y 1 Iaj-W2»-S* 1 ^Lp -LoJlxJ 1 j J^xJ I j _L>J 1 A3 U? 

o jJL$ ^3 Lawo-P oJjL^JI aUI*J| ojl jgnJ I CaL>-j3 Jj J_>o 
AX 3jUl ^o J5 (J/ 4 tAsUaJJ ^JwoJL?*^ JwLv2»-S* 

^lol ^ ^Sl LLp Ajj\ J ^j i >^\ oUaJl flJL^L-l .*L^$Lll 

o Ua j c V 1 ^o lo ^3 A_J lp ^ 1 ojl jg*- A^>- j3 0 ^Ssj ^Lwsg»- 

^jLj 3jjJ Ij L_^-jJ^j>- A-lg-JLj J^JgLwO A_o j3 (J j_So L« LJl_P 
A3 UaJ 1 J-W 2 »Jl IUa ^ 1 I X^LUxJl) Ajj L>o Ca Ia j3 j I ojL>- 
oUU-> ^_1 _p <oLp t a_os_) wLiJ I aJwoj * y 1 jjw^ oLwo^/i aJs-^q 1 j-j 
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3 Li j_4_>- V I 3 j3 jJJ ^Jo l_L> I jiL t Lj j I j_>- 

LillaJl ^..li.xoa j—>J| -tL^jJl ^3 o3.io>eJLa O La LoJJk 1 

^3 J C <L^P lly?J I CJ LJ»o-*J 1 J 4Jj *)\J o j I jj>eJ I j^3 jjJ 5 LwO Lj I jj>- j_o>cJ 1 

<tw^jJL L^oJ Ip <u S” ^ oJ I I L j 1 I ojJJLl 1 cools' 2000 ^Ip L L^_j 

-L?l j L*-oa 15.000 ^_Lp I a_o Lj j_g_SD 1 — aJ_ 3 JjJ 1 o L^-s-JaJ ^Jl 

.(International Geothermal Association, 2005) Ljl^>- 

Li-tlU La._\j>CU*woJ I Ljlj^-j^PxJl AillaJJ 111 I ^-b>tl--vwgj 1 l_uLvol 

1470 I j>~ aj j I jS>- ap fljiij l 'j o.-\j>*JLoJl Cj L ^ jJl _L*o 

j>&JL~oj L> j I ^j>- Ja 1 j U_^a 
Lajpp- cL>oLJLJl o 1 q-Jw^J 1 ^_3 1 oj j__LJ I o 2 _a 


j-o-o o I ^3 jJLoJ I .2000 ^lp ^3 


IwL-XJ— I Q 2 ) 

,j/2_xo ^3j . 03wLaxJLoJ I Ls LiaJ 1 


c 1 


^3 A3 1 S 1 (J j_SLl! 


cli_^*s_SLoJ I C^j-wwJ-OjJi toJj>rJLoJi Cal-J^ jJ I ^3 ^y2J^^L J t(l)l^-LJl 

Li Ua_LJ Lo-^-a 1 j-Lya-a Lo2_jI Lj j I j_2- j_o>&J 1 Li UaJ I ^_*JLx_j c LJ UajIj 
o j_\JL! 1 o -> 15 2003 ^»Ip L L^o ^3 . e-L^-g-SDl j_J jjJ <lJjVI 


Jalj L*-oa 2020 I jj>o 7i L_*~J 1 0 I oL^ jJ I o j5L> 1 LoL j^S 

^j-~-*-LojJ 1 t. Jj IJLoa ( J5LXo L^_*_Jo L A_J$” I ^oJaxJ I SjJlL! I Lo L 

L j I j>- j_^>cJ 1 1 oj jJLJ 1 ji jjj . Lo L j^S Ja I j Li_oa 1930 ojw\JL 

Li UaJ I _lJ jj Loo>-| a_l<>J I ^3 0 . 5 ^j_ja ^^ 3 1 o j_>cjLoJ I oLV j_U 

A^-oJl ^3 22 1 jS>- ojJjjJ 1 oJ-A 1 ^3 LoJwO C LoL 

LoL Ljl js>-j^j>- ^oJa,p oj J 3 l^jwLwol .-^2 jjJ i ^^L<o>-| ^j-a 

Loo tLoLj_g_S* Li_oa 200 <^Sj^ 

a a_LoJ I ^3 1 5 I Sj^lLJI oj_& ^J^SLjlj IwU>- j_lo L^ol 

jj ^L>j>-) 

Lj L>c_J 1 cj l_l2_>t_oJ I Lo>- jJ jj_So ^IjoLjl^L L I j_J jJ ^jo 

IwLoJl^a t C-LLo>o Uaj I ^JwO-Pxja ^■■■^o...>, < g.7 C L J-wLlll 1 

(_^wL*o O Ll?->c_oJ 1 Jjja ^jo \s.*~, )i . Ljj 1 jS>- j_o>cJ 1 LiLkJl JwLo2_j3 ^jo 
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0 Lw« <L> I y>- j_^>c J I 1 I ^3 L*~Ja ^JCwoJ 1 W 5 L>sJ 1 j U5 1 )) 

C OJ I o^LJjJ ( <05*0 15Lw<>J I ) o^)OJLl I y y (_£dJl y^ijy . Jl ^J| 

j5-Co ^Co .4oO_docJl jjO>- V I 3j_3jJ 1 4_lao>co3 ^3 5 0_>co Lo-S" La Loo 

5 j L>J I j jJ>r->,<g-l I ^ I o j-JLs ^3 0 L-oJ I 4 j>- I jJ La O.CP Ls_x*wJa J L>t-J I 

J lo>c_J I I wLg_J ( J^5*0O . J ^ 1 CO >Q 0 0_P CO I ^JLa J-L5 ^_o^P ^J_P 

^Ja-wsJ 1 ( J| tOLs^-^l ^^2_x_> ^3 C 4JL J? 0_>o (J I 4JL> J 2 J I oJ»^o jJ j*oJ I 
JgLOOo ^_v2JL) Lo-S” t <Ljg_0>&_0-J I J J_>e_v2_ Jl ^3 4-^*-wJgJ 1 (0 jLLsOJ I J_-_P 
^-JgjLOo...l 1 o 1^ lo ^ jj) % A co~>e_^*o 2 l ^5 1 5 LLlS” 4 o^ L>*_J I co La ^oL! I 
^wwajjlj J (Yellowstone Park) J (Old Faithfull) ^jUJI 4_a JJJ 
jL>t_Jl jl tco^L^sJl ^.Ja_*-*a ^^3j .SwL>cJL<iwJl coLj jJl (.(Wyoming) 
JL! t^Jg-wJl Jj JSLco J, ■v./g _) ^ JS^-LLo-Sl 

CoLj|jo>- ^J| ^J^/2 _j jLj! ^_Oo>- 1 ^— > 4_J| (J I ^j-5_o_> 

L_x*wJa _\J j_oJl jUrJl IjJ JaJcygJ 1 j o j 1 jj>sJ 1 4j>~j3 (J j5j .4ojl 

1 4oO_Jo2o (_£jjoO~I 3 j_ 3 J 4_lao>t05 ^3 4_J L>»J I ^_A Lo~a ^_j5o 1 ioLp 

<Lo--Owo2*a oLjj jj ^lwO>CO>>l J|j t Jil 4_> j I ^>- oe-LLS” ^U-ij 

^jA 015 IS| La 43 ^^_oJ U jUoJl jl .CoML>Jl oO_A jLoJ L^ 2 -w 2 j>- 

0 L*a (o_iL>- jUu ^j5*0> ^J-p) 4 j I y- j_oJ 1 43liaJl ^ I J5 xJOa> I J^5Lo-oJ I 

.1904 ^»Lp t LJ Ugj| ^3 L^_j jJjS 1 J t^Lj-g_SLJ! 0.J jjJ 

1 jJx^u? Ij33 j> LjL>o 5 y>zA 1 o!jIoj>-L v Jj L>oJ 1 oO_A olOj 

Jl ^'j L jo>- ' y 1 o Jla ^Uj I j c o J_P 4_o Lj j-^5 CO LL> I j jLS oj J_Lj 

j-Lj^j^j'V ^3 4_-5 ^oJa. xJ ' SjOJjJl co5_Lj co_—>c-) co Lo_i 1 

jLLJl co5 SwLsg^jJl 4Ja^Jl j .45 Lj^_S* JaljLk^a 550 

C J LxJ I ^3 4jjl^g-jxJl 4Jaj>oiJ I C LJ L>— o3j^>-j»Jl c_3 Lj I 
JL>_5 oJljJl (The Geysers) «4_>jLk-Jl coLajJJI)) 4_k^a 
4 _Jj! oj J5 _j 1960 ^»Lp ^3 j5_CcJ L j 4Jaj>c_oJl 0 j_A olJu .Lo JJ 0 JI 5 
45” y* ^gJaP Oj03 L^j 5 j-J I j L 4_o L j-$5 Ja I j Lk^a 11 j L5 ^oJiP 

.4^jLj^S” JaljLkva 1700 
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0 > 

) b>o I <U^)I j>~ I j^Lv2-^J| yo ■^-t-P' 

.^LwoJl ^lJjbjL~oVl J^l y° y~y^° lg * *0 j ojl ~^p b3U>- 


4 ^ 3 ! Sjl 4^-j^ C->1S j^L s^o I <Lw-*jJLj t^jL>o ^j-o j jJ y 

4_x^_JLa oLw« yo Ja_Jj>- j\ <J bp Cj b ojb- obw« yo <obp c_&Jbu 

jU«-J|» ^-PJJ aJLj jib .iiljjk 4 ( ft v— ■ Jg j} 1 j b>*-J L» ^pJj <bbp) jL>c_jj 
£_ b ^jl> aJLjJ kJl oJufc ^jl> (Flash-steam) K^J-LuJl 

Ji I J 2 _jw 2 .ll ww>- e-bpj ^!l ^wJaJ I wJ^ jJ 1 jb^Jl jl jb>Jl JjLJI 

jj j_*_i Jj jUo V y^ 0 ^i-Uj cdiJS a^x^joj c j*j5sj 

wlLP JjLJ! ,^ 2 _*-j < 1)1 -y2ji>z^ Js-iw? y$ (_£jb>o ^o jjJ 

jl 3jl jJl *boJl Ojl j->- 4_>-j3j JaJw2 ^^JlP Jj-ta IwLgJLsoa 4 Jb3l JsJw? 

0 j_JL 3 ^jl ^Ujj e-lpjJl ^3 ^JjLwsJl |j_& 4 W^l? jJ ' j b>s_J I jX^SJO 

( Jw<>-*J 4_>jl y>- y>^ I o Ll2j>c_oJ I ^.Jg-jca d) j . ( j-i>sJ 1 <b bpl ^3 y^j V 1 
W^jji^tJl JbLpl® jblj ^bdV I jU ^JbS” ^Jw<>-?cLw-j <bbpj 4 ( ^J k Sb^Jl lj-gj 
j^Ls^o ^1 <L^-vjJlj *4A-~Jl ^y y£~o~a j_oIj ^J^l ilbjk Oj^j 


0 j j s>> 


r ~ 


Vi 


4JT 3 f~ 


4 ^J_3 1 Ojl Ob 

ojl jj>t Jl ^JJbJ <_£jl ^ 2 - <J^bw« I l*b& y . aJ^px-^JJ w<Lubu 

3j_~0 <bbp 4 ^ JJ lj 4_^i ^boV I wLP L^Jl jL>cJl ^ bo-J I ^j>S 

wL-J jJ ^j-SCo-J C^ws_>tJ 4 4 ^ i2.>c-Lo obwbp 

^^.-oJl 4_^lSo ^Jo 4 4Jb>uJl oJjfc y .y. ->jy SjbV A^a I Jb*xJL~*j I j jb>t-Jl 
(JwLwoJl j+y <G^bp) ^Jo y yjjy , Jl yo y*d\ Xxj y jjllll ^SboJl jl 
^Jw^i-*XjJl JjLJ S ( Jw 23 ( J^,<g.>o dJJ^ >Xxj .AjL b*^a <Lib>- ^3 (_^jl ^>sJ I 
?• boJ I y j t* (£j I y ~ I I j^-p < eo b^J I I ^y I 

J^L^Jl yo a_>- j j_>- J_x_j 0 j_Jo L w<3 yJLj>z Jl j_Lj ^^-1) ^J_3 JJL^J I ^ I 
4_laj>s^a y° * kJ . J-^ 3 -^ I by^-ygJ>cJ jJLS'Vl o Ij-s ^ >cjJl j) .^jl^>Jl 

Ji I 0jljJ>- Aj>-j 2 £0 y> I b> 4 ^ 4^j LiJ I Ojj jJ I )) 

4^^?boJl ^3 t*Lib> jb>o)) 4 j j bL« ^A_P I bjLlil 

?-L)j_g_5sJl J-J jJ ^_3 £y jjJl L> bp j_> ^J_P V I <L^_bSsJ I oj_A CJ Jw_>- 
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3 j3 jJJ jLcwo'bM J^SsJ C 4^2 jL>cJwO Ojl^>- 4^>-j3 *AlP 4j j l^>- j^sPxJ I 

J j3 t<jL>3jj *«— 3 j^ai 4^a 1 43 ll? j3 L/2>3 4 j>- L> sJ I j j j_42- V 1 

.itoljjJl 3 jJL*J I ^3 4j 1 ^>- j^_>xJ 1 43 UaJ 1 ^ bo^j j~S> y t 


4_A_) j_L? j-b J-> ^ I — J*\.,«j2,.A 0 J I jJ>- C3 lj>r .a/?., A )) ^ I J^_>cJL^ I (jj 

4jj 1 y>- ys>- j^Ls^o 4 jj 1 I 43U2JI ^j- 4 ® oL^S” ^J-P (J j.+,£>.>zJJ 

4XU3 jILoIj 4j C^>*J ^3>- ^ l-^>- 4 »/? A >cJwQ ojl ^>- 4^>-j3 Ol3 

>Vi 


Ojl 


4j>-j3 l)I Lo-j 


*>L*-3 4Jo Lj ^^JLJ J ' 

0^ I ^->c-U jJ.^.-o-S' L^3 IwLpxJL-^ I l*U C 0 Lw« J ^ ^ CLw’xJ 

^JbSCjLi ‘L>-*^\^JlS' 4 jjI 4-Pr.yg-oJ I e-lj^>-l ^3 

Ls>^vU 4.*,^ Ojl jJ>- 4j>- j3 JJ_P ^^j^l ojljJ>sJl Ss>- \J t Lx_a 

> fU^Mi 3* t ^Ul Ojl J_>- 4 j>-j 3 JJ-P Lg_L>- y j-j_L*_) j 

C-3 j--j I ^j_j Ijjfc ^JjLa ^3 . o3 Lp 4JL3 JjJ I olj2_«-JaJ 

Aj-Lxj t 4JL^3 JJ 3l I *LwJl ^ j3 ^3 4_d_lj>- JiLi ^Lp (_£ 

ojjfc 4 jjI ^>sJl 4 ^_v2^JJ j^>c^oJ I c_3 jl? ^jLo) 3 j*A j y*j 

J u_L*-> JaJc^Sj ^JJi 3 j^-oJl j*J>xS] ^yPj^l\ ojl y>- .4j2Jj>sJ| 

^1 j 4jjjJ ^i_P I Ojl j->- J JaJt-si’ 

<J! ojl jj>»J I XjJLkj l£j\ J^-P ojLp j-4> 

C ^JaJ L) .^JjLwo ^J^Swi 4«o U (Jjj>oj 3 LaJJ-P ^ IjwJ \ 4Ji3 JJ 

® 9 1 3 1 Uj ® ^ J | y>^ 1 4s>r. «/?.*} I OJ \ 3^/ 4_o Li j_^_S" 43 U^ ciJJ3 v, J.jg..o 

^iS'l ^IwL>cJL*»I ^iU3 ^j-5s^Xo <L *-*->- C J_>- 1 j ^j_p| 4 jjI jJ>«J I 4j>x^2_<)JJ 

. 4^j L> I 4>sjljL>Jl 4^3 L> 4 jj ULa 4^3JjJl ^3 ?-L> j-^5sli 4lp U 

^Uaj I jJii 4 jj 1 ^>«J 1 4j>c_v2*oJl A Ug.^.1 4-JLoJ>-^[i 4jl!5sJ! l)} 

C 43 U 2 J 1 c_jLJ LSsj 3 l3^J LowLLPj c4_ol_jj_g^Jl 4 >j j l_4x>J L> ia— ~v> i J^>c_^vJ 
. 4_^2_4 j>c^>J 1 1 LSsj 4_JLoj>-^/ 1 <Uii5CJ I oj-A 4 j j 1 j_^3 

l)I t 4 >Jj V 1 4J3JJ ^3 4jj 1 ^>sJ 1 4 j>c-s^<jJ 1 A UkJ 43 Lv2^o oJjU i] IjJ^ 

" * £ > p. 

C ^4waJ I _\j 1 ( ^J-v23 (J ^Aj>- Lw^SsP O I 4j j 1 I 4>w2-^J 1 

4^3 JjJ I j i c-4-w2-) I c_^w^ScJl ^3 jj tjJJjjj 
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bwo ljL>- 4jj I y>* Jl cj 1_>c_v2_^J I S 1 0..L& <j! 

o j-^ Cj 1 j^xj ob ,^b L-a ^3 LwoJ 1 Aj j_£j j Ai_3 JJj ^Jj>- I 

. i_4-. yg.l ' ^Jl e-lxJLlI ojl j^>sJ I ob>-j3 ^3 
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- 8 


<LaJjla .1 .8 


o J_j J_>cJ 1 ^UaJl j3 Lyg.»)) ( J^_P *_***3 ^3 4_> j jjJ 1 4.3 UaJ I 3jjj l)} 
l (J la- I ^lp .*ljJJl ^ 2 ^-J I j^La jJlo j I /^SU>j I 1 J 

oL‘IxjI ^JLL> ^ U>_^a L™5 j 43 Ua j J_v2^a ^ j-J I 4jj j_U I 43 UaJ I j-y-*-i 
^3 4jjjjJl 43 UaJ 1 ^3 t4jLsJia»Ul ^3 . e-b^^Jl 4JU3_Ul C-UjLp 

t)\jLa ( J-SUjLj j l 4_o L J 1 43 UaJ 1 _LU jJ ^j-^s I Uj->- J IJlU 1 

_\jjj . UmJ ^ 3 ^3 <Lobj^^Jl 43 UaJ I ^buj ^3 LqJ>U y* 4^oJl ^3 80 ^Ija- 
I ^y* ^^a UU l U j-U 1 O L™<^- ^3 Lwo U*> I 4 jj ^U 1 43 UaJ 1 jj jJaJ 
4ax_JL> oj j_>c_xU 1 43 UaJ I ya 1 Jj>- 5 j_^5sJ 1 Cj Lw^-SUJ <Lwo_U~J 1 ol^wJajUl 
2001 Lp ^3j j U a.>l.) ^ 1 )) j I (SjJUl oIjj) CaljJJl jUa_*Xo| 

. Lw<U Ip 4 _o L> ^iU 1 43 UaJ I J-J jp 4X<U 1 ^3 1 7 4 jj jU I 43 UaJ I C^U5w> 
^ Up Ls-^ojj ^3 ^Jw^i_JjU U e-U j_g-^J 1 J-U j-U 4 j j j_j 4Ja_>t_>j <Jji olJu j 

Uaj>t>3 Ujl l)| .JaJi3 <lob j^S Jal j l^a 5 ^oUaP ojJjL c 1 9 5 4 

c(Calder Hall) J jj* jjUl^ 4_ka*^> oblS ^jU^J ^^Lp 4_>jj2 

^^>9 4UJjj«a (_5^J t 1 956 ^ Lp oJj>*JLgJl 4^UUjw<)J I ^3 LgJ>- U 3 1 ^U 1 

U.^3 50 (j; j LwvJ ^<Ja_p 4^2 L j-g-S” jU 5 j~U ^JUU i cj ^\-p La>a 4 ^j j I 

lJu t4jjjUl 43 UaJ 1 J jJaj ^aj t o 'y I oljJwwUi <J . 4 ^j L j^S" Jalj 

4. J £-U J ^ OJ ) 'y U^L^a^s c_3 jj-s,^-x>-l i |U_A 

J J3 /^a ^3 oJ_st_) 4 jj jjJ I 43 UaJ 1 4 J L^a C^J-va I jj J_3 j C 4 jU-5U 1 

O j-U 1 oLUx^j oLjwJL^ U >U>- ^-«_--^J I JwX_i . j jJa.l.oJ 1 ^-J UU 1 

4jj j_U 1 43 UaJ 1 ^Jo3U>-j S^iUl <UiiSU I jjLpxJ (_£3l t^^aUUl 
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y£jcS\ ^3 y^xJ Oj Jj>- LoJ 1 <J jjjJl CjLJwoLoJ ^3 yJ j. Ja.arJ 1 

4j>c_JL)J L> ciU3 <_£3lj t 4->J jjJ I 43 UaJ I <U2_i_Sj (jLalj <La ^Lw»> 

jl .^JL*Jl f-L>ol ^Ja.*-a ^3 o_L>Jj>- O lia_>e-a p 1_L) ^3 ^y>- LLa 
?-Ljj_g_SvJl -LJ yi ^3 ^ jyAS>- ^ I 3 ^-3 1 ^ I (J L) .filj3^M 

Ojl jJ>- 4_>-j3 £_3 j 1 j-w-S" La— & L~*wa (1) I y^^j 

jjjJl 


£ 


LJI 


oI-lLJI «x^j d)l ^3 1 ^ 3 l t S ^ 1 

y2^0j>zA ^3 C— 1 ^3 4_> ^ j-Aj (jl 4_> j jjJ 1 43 UaU ^j_Sv-o_> (_£*Ui 


4j j jjJ 1 A3 \-_L 2 _J I L^>- jJ jJ^So jJ ^Jjl 4-*->- I ^^a wLx_> . 4JL-3 


Jjl 


;U 




O ' 1 


Ul ill 


£*J 


. 4-1 L-v^a-J 1 0 j-A ^| 3 ^-*— > ‘*-3 L>tJ 1 

. 1 |j-& 4 jL^j t 4 j j jjJ 1 43 U 2 U 


yA C 4 ^.^JaJ 1 ^3 5y>-ya yjt LaJ} t ^*_* 2 aJ I iolp (^jjJ ll> 

(J j 5 \>a 4 XaJ 1 ^3 0 . 7 ^3 LJ 1 j 

4 jj y] 1 43 llaJ 1 ^Lu j y>z. 


u 


j» 1 jy 4^<>J 1 ^3 99.3 1 jJ>- 

, U 235 j Ua-D ^AJ JjLaJI ^Jal! 1 ^a 

^J_P LaJ J tA->" L& j_> j_>t_J Lj 1 4_)J 1 j_>cJ 1 43 Lla-U 0 1 4_wo_SU 1 

^-wvsJloj (1 )jjjyj U 233 j» j-O lj j_J 1 ^/2JLa«J La_LLP C J 1 j Ua^Xo ^ 1 
43 LlaJ I 4_*-a-S” d)jj .oU J j-jJl J^a ( Jww»vU c_3 JjjJ 1 -Ljo j Ua->Xo 1 

U- 35 j»jhJIjjhJI ^ Ja-A3 wL>- 1 J ^ 1 yA OJ 1 4_)J 1 1 

(j j_^La 2.5 ( 3 1 1 (.l^ 4 1 4_i UaJ 1 ^ 3 13\J j Ua-jLj 1AJ 

4_>ljj>Jl j j«a ^ 1 JL>- 1 j ^j>cj 5J I ^j-a 2500 j I 

3 j3 jJ 1 ^3 43 UaiJ 1 J_>- ^ 4_J L*J I 43l_l^Ji)) ojjfc 4_j j jjJ 1 43 UaJ 1 ^3 

d)j . ?• Lj I J_J j-lJ ^aj^LM 3lj_»Jl 4 _LlS* 1 y~-^ ^ J 1 

4^a t *>1^3 jJil~*wa C 1 4»l5w> ^3 lj 233 j-0 1 j jJ 1 

3wLP dJJi 2r^ j lia-JLj 1 ^JwP LixJ ol 

4^>cjljJl olj J y J^jl J yA JS\ j\ wb^ljj j lia-,JL> 1 ^jIjj 


d)j3 yA U 233 y^j ^1 ^4_jo I oU j y j^Jl» ^P Jj 

t- Ua_! j 13^ . 4_4J>- 'y 4_)jlJa_sXol 0^-pl-4Jo 4_^_^^JLa l Lg-3 L^2JLa 1 ^Jo (j 1 

ft Ja_ww» jJ j)) yy*—^ o3La j| 3 I yA 4-la 1 y> 4_x_jj_*^Jl oli J jj J— ^1 
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j_LL*_4 yJ ( _ s -Lp oLL oj^li j 7s- r vad JaJii L&jj^p t (Moderator) 
dUi Lij_o ijlkdJ^I J^LL" JJ U 235 ^Ij^Jl 

o 1 j la . .*» jJl Jj>-j d| j . Sjl y*^ 1 'd ^ Ld 

^JL> ^_J I i jidl C-jL;^ ^LliI ^jl> diJ.i J_*_j c ^s* LdJ I J dJ . *> 

j Ua-dj *y L OjljJ>tJl ^yO 0 J^S <Lt~oS jJ jj>z . J ^JL>J Lg-V? L,J>.l.a 1 

L>c_J I ^_) ^3 ^ Jd> & JL^j (1)1 La^LLP 1 C U ^»^_o 

1? « ■>*» j5 ^J-P li I 4 - aJ_La>r_^J I 3lj_oJl ^yi _Lj_L*J 1 J_>- j_> 

^jypLfljjl 4_*_)^wvj 1 OUjjJj-jjl 

.K ( JwJLiJl ?-LoJ|Wj l c^wsi I jJk] I j 4_oL*Jl e-L>Jl ^a ^ iJjLjj^'y I Lp 

1 4.J 111 1 dJ I ^JidJ 1 ^3 I ^-s.rfg.&o 3l^oJl 0 j-A ^|jj>tl~o| d_3^~a 

uu La Jd>cJL~^>J 1 Aj j L>tjJ 1 4_> j jjJ I CJ i>\_P Llo-U L~*wO j} I jj ^ 1 d_ j 

.LjjJ 1 43 UaJ 1 ^bo^f 

pL^J) .2 .8 

^|jj>tl~o| ^Lp I <lLo L*J 1 Ajj jJl LE UaJ I oUad>c*a ^Ja_*_^3 wLaJLxJ 

Ojl.}^ jLL_Jl J-J jJ ^3 OjljJ>cJJ jJ^2-oS L ® t»_iLsj2j>cJ I e-LoJU 0*)lpli^ 
I I.J—A ^_Lp ^j)_I_la_) . djU I L>s_J I I 

^J^-sXu La ^ ^oJU diD3^ l ^ d- 4.*.i.>cJ I £• L>J I dlJ^LpLLa)) 4*w<a^vU dHJ *^\_P LL>J I 

Ja^wQ j5* <_£3L*Jl e-L^Jl 3j t^^JwJLlJl ?-LoJlW 0*)lpli^ J^a ^j-vwoj 

e-La j_£3 ^JwLLl) I e-LoJl Lai .jL>c_Jl ^L ojj Ojl ^J>cJl d_^>r—^vJ 3 
3 j_>- j_j j jJus-fJ I j^-laJ j_a j c (Deuterium) j> j_>^J j_» jJ I ^ jJL>^j 

J^s^jjJ^Jl ^j-v^SLp ^^-Lp t4j|jj ^3 <JjJjj_Jl L3L^>^L 

4 j jJ e-L>_U ^y 2 L>tJ I I I J_A .si jjJ I ^3 Ja_a _3 (1) jJ J y 4 j jJ (_^LJl 

c^jlia^'y I i^Jy Ll ^P La^U Iw\j>- ^Lpli Lia^-^a j (J^^j (jl <lJj is 

?-L<>J! (j) U-> .<lJLJI S I ^3 j_LS” I ^j,,-. d_i j-^j 

( J-P LaJ ^3 la.-s j5 4_a_^x_v^ <uJ_> li W I ?• L>J I )) j I 3 LxJ I 

^5j Q a.^lj L/ 1 Aj^jl j^JI <*—+.«.+/?. >t-) o3Lj diDLJ jLa_sXo'yi 

^j_oljj_Jl yS jJ o3LjJ c_a^L>cJl f-L>Jl oMpLLa ^3 3 j3 ^>Jd>cJL^waJl 
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-235 


e-Lbl Ap bLa CoiJ bo A- 0 >- LJ 1 ’j£j Ua-Jo bl 1 j.Ja.‘J 1 U 

(jb w23 yO <Lbv*J-sO ^3 Ojl jJJ>- 1 ^*Jo iwW2>SJ3 ^ jij b^ 9 (_£j j)Jl COLo20>cJ 


(_£jJl co2_ob>cJl jl (_£.}b*Jl e-boJb oii-b J_*o b^_liab>-j ^*Jo ^ j_3 jJ I 

5 j3 jJ I O bwo2j2_> jg.A,>c^gJ ' Ja— ^*) jJ ! |j>& 5y>-j (1)!^ . J 2m» jS* ^Jwo-*j 

( Jj^a o ol^i" jJ jo bojoa c joiJL^vwa (_£jbia_Jol ( Jplo2o Jloj Jo>- 

> 

b)li CJ-3 jJ I 5 jJolJ Jo j_*o Oj^ ^J-P LLoJ I <^_bs i] jJ bj .0jlj0>sJl 

1 J_>- ^Jp LLoJ I o j I ^0>- Ao>-j.5 ^3 jO o_3 j_*» ojl jJ>cJl oj_A 

jJ j^SLi aJL>sJ| oJ_A (^Jj>0 ^Joj .j-g-O 2Jj Obwo20jJl ( JwX0>O Ls c j~~> J»>- 
( Jj^s jb>s_Ji J_J jjJ Jo J_*o ^Jj-cJLwvO (.(^JolJl j^_P Jo 1 e-bo 

A_^o 2 j e-L>Ji ^Jj-tl^vO O^l^Jl ^3 .(_£jb>o ( JjO j jo ^3 AoalJobjJoi 

^3 bjJwO l o j_J> Los ^ j-y* (J-& bLo ^3 A_~*oL> CJ-3 jJ 1 ^3 la,* aA ,jj 2 j-yQ- S' 

Sj-y* J 1 e- b>J 1 ^J-5bJ e- boJJ 4 -Lq2-4Jo> j.5 Lq 2 o> Jo>- jo (_£ y >- 1 Ca ^>\_P bLo 

.^*oboa ^sP ^ bbb ^ <s ■<>.,■», (3 ) ^3 J Iwn jJ I e- bj«J I J 


JwPboLo» j_& 


e- 1 o J I O 1>b_P 1 a_o3 




Ja_ 


j! 


(BWR) jl (Boiling Water Reacter) jl o^J>bo> (( ^1*-<J' *bJl 

SjbV jb>t_^_S”j t ^ j_-wO_S” J la , ,»o j_ S' 4 _^v-j2o e-boJl A_<_3 ^J_?»tJL^vwJ (^jJl 
Cab]ao>c«^Jl j^oa ^jjJ 1 |j-gJ UaJaJxoa (1 — 8) • jJjo>Jl ( Jjo j jo 

/t— lo ^j_Jl oJufc .(US Nuclear Regulatory Commission, 2006) 

ji JaJ_o^ ^ bp j) bo>J I e-bp j <]aj>c» Jl ^joj e-boJl 

bli j^P e-boJl y*j b«JJP .AjJJ^JI oL>w 2^ AJa^ol jj ( j-^b* 

cLwO>- e-bpjJl Ao>»3 ^Jl i e-boJl jb>*o ^JLj yj i ^J_xo A_Ja bj_>- 

d-*_3 1 jJ I 0 j_flJ I ^3 j_J b>c_J 1 ( j_o j jjJ I 4o JjjJ A_o lo Ao^bpjj A-o>c_^o ^Jo 

boa Jo ^o J k^JojJ I (J j 0 >- e-bo-U |j- 0 >- U Ij J^ . e- b 

^j^o>o .jOjJjJl CJ U>t_o2oa ( joa ^J_P ( j_^o bj bo2ol ^Jo t ^ j^ jJ 1 Q L-«2 mJ 
bflojJ I ^-bpj OwLpli 0jL« ^_5b>cjJ I J [.«.,+/?.$ J^oa ^J_P Ao J j bo2ol 

> 5* 

^j-oa^l^Jl ^Jj^a ^Ijoa yo J bw^oJ I ojjii ^J.^.7 .^JploboJl C_^-b3 aJl>- b J 

^Jb«cJL^o (jl ( j-Sb<>-oj t 3 j_Ao CabojjOj-jJl j ySJL<y (_£jJl (1) J j j_-J 1 jl 
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. US Nuclear Regulatory Commission : 


O Lw2jjJ I o Sjb j£>zj 4Ja_~ol y La^J I Aj>-jJu 

^-.LaJ I L>- I O Lw23 cii-) ^J>o ^1 LL&J 1 

(_£ jjJL>- *)! I 3 j_3 jJ 1 A_1 al^>c^o ^3 ^ j Ua-JLj ^ 1 LdjJ 1 (J_Lx_^ o^Ljj (J^Lx-j 

( Jp La^J i c_iji J LLoJ I LAS' jJ>o L>JwU t 4 j J-U-AlJ 1 

o j_p L^ woJ I cj I j.*.,g->zsJ 1 j ^S' La-x>J 1 *Ip j Oj^j <oLp . LwLS” ^ 1 

C e-lo ^3 o I 1 l) L ■>/?■£ <LJlj e-L>Jl jj oUtwA^. S* 

4_*_pl_x_^j o^Lj^ ^1 ^*2 Lv2JLa I ^J_P 
d^^P-ljLa (1)1 ^_P ! ^1_P^ .A_wvsj2j ^Jp- L<L<>J I e-Lp^j (J ^_P 

j^xj (J 1 C Ij-woJl <!L~S>- ^y» 1_L>- <ia-^vj (BWRs) e-L>Jl 

<zj L) j_>tJ ^jJ2^j ^_\JL) ( Jp LLoJ 1 iw-sJ-3 /^-s^ jUu ^JuL-0 e-LoJl 
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^j\ jl\ J^a Lp j_*_J Z ^ 3 ! O ^Lp LLoJ I ^jjJl ld_A *)Lp L>- t ^t_^J>c-lJ 1 

(Pressurized Water Reactor - PWR) 1> *L*Jl o*>l_pljLa 

• L«a ^^P 03^->-Q«J I 


(PWR) *LJl J-pLU Ikk^* (2-8) JiLiJl JLZ 

*La ^Jjb aIju^jl^I *J? 4_5l ^Jl c(US DOE-EIA, 2005) 

tojl jj>cJ I c wo-^2_xJ 1 J^-a ^jjJl 1-L& ^3 j^_JlL^2_aJwO 

4-j^Lp^_J| 0 jIjJI Lwa ^_^P ^ LL>J I iw-J-3 ^3 oAJ ^JL o*J 1 

3 1 Sjb ^3 e-LoJl jj ^Sj -Uj-oJi Ojb^ La Jj>t_L^vw<>J I 

3_\_P 4-1 2-~» 1 ^)_P LLoJ 1 2 L ^_<_P j 1 L (J Lp -Lslx-*/ 3 j t 4_«J ^ 'y 1 

j ^ 1 3 1 lj-A ^^j-P J^LLtJl ^*Joj .3 j^-oJ 1 oUuA 4 .j-a 

JJ^P IJ-jI ^_L*_j 'bl C^w_>c_j s 3 L_S” <J Lp Ja_i_v2 0->tJ 1 Ja-ww» j_S* L*2_4 

^Jo t 4 Aj ^J aJ 1 oj-gj .^Jp-LLoJi ?-Ipj ^^3 Lg_Jj (J jJ 1 ^Jo ojl^>- L>- j3 

^jA (J Jj>cjj 1 J jjsJ £^LLJl f-LoJi ^3 ^_SL>xjJ I ^j5”LLa <^Sj>zJ 

L-UJu LljULa Ja_wM-^a ^_SL>tJ ^ Ua-1 (_£3j_> La t jL-u L*a> 

3 ^-w o-3 1 C-> LL.-y^.-a ^ jJiJ . ^-L*_oJl e-L>Ji ( J^P LLa ^-wOwy^J ^3 ^-L>iJL--vw<iJ 1 
L>-jL>-j ( J ta pLLjl i_j3 j_*_P jlj-^JLwoL j S I 3j_--<Jl pLa jj j^oJL)' 

3 J^-a Sjl jJ>cJ 1 ^JJiL 1 4 jj 1 ^>Jl O^Ljl J^a LLvL_sx 

0->*J <lL-P 4_L3 L>r_^J 1 ^Jo ^jJl (_£ j-j L La ^ j-y* ^LiL) j ^ 1 

J^-a LoL Ij 1 j3 j«a ^ j_j LJ 1 3 1 ?-La ^ LJ L J t ^3 I 

^L«^2_aJ I l-t_A ^ ^.j w\_2_l . L>c_L I j 1 w t-l b^f j Lpx_J I 

l)I Idj C lj_>- J^pli /» ^ -o. -v^ j 4_J | ^-Lp ^ J-jLJ| J J 'y I ^jj3j_--<Jl 

oLL^J Lp^ yii'SlI ^jjJl j-a (PWR) ^LJl JpLLa 

<d3 L 1 ^3 IjLLol 1 1 . Ll L>- ^ 1 1 ^Jyp LL>J 1 

^3 L ^ 1 j 1 4_> j jjJ 1 ?-L^_5LJ Lp j-^1 c o I 

^>Vp LLa 440 ( j_o -3 t 4 _^s-L>L 1 ^3 . L_oJ Lp L C L**u j3 

o^ApLLLI od-A >>_ &, *,/c i j^-a j^S”! .i}L-& c LL 1 ^3 LJL>- 4XaL*Jl c L _> jju 

. (PWRs) ?-L>Jl ^jj ^jA 
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. (PWR) *U! JpU* : (2-8)JiwJI 

.DOE- El A 


e-L^Jl O^LpIjLo ^s- 4 L-ygJ J^SsJ 4_S” ^ -X-JLoJ 1 ( Jwal j_*Jl >Xs>- \ jl 

^1 i^UJl y* (PWR) *Ul o^U-U-4 j (BWR) 

e-l j_Xj>- 1 1 4_> j j ^_*/? j l 1 J_>- o J j3 JaA-s^ 5 4_*_P j I 

l_*_jo^[ 1 oULsAxJIj <LJL*Jl ojl^>cJl ol> ly?j ! j t LL>J 1 
<jl ( J^L<LoJl e-l-PjJ ^j-Sv-o-j .<L«JLp 43 Li? oLjjJL^vwO _LJ jJ ^3 4_1_*/? IjLoJ 1 
4jjI.A>- aS Loww_j j c 1 jlLa 1 5 ^Lfljj L) j l Lo j_4j jLLo! 4^vwO->- jisj2j l) j-^Lj 
*Ip j ^3 o L^JLJLj jl cj 1_p_Lv2_j ^1 <j) 20 jtS I 

ojjJLoJ 1 (jlAjj3j 3 1 i) I Jjl3 ^Jj_ (_£3j^> l)1 ^j^oj 4.43 1 j-oJ I ^^woUVl J 

d3 Li^ I J^>-I (_£*LJl t I i^s-Ls o^l oj ^_1_p 

ilL^b .ojjjJl ;_k^J! J_^LJ ^ jl&\ <jL«V I 

ojjk *L*1 jI L^iLl^o 1 jj ^Ju (jl LxJ I ^3 4_LUjlJ 1 oLvw^J-<>Jl 

IS2> 4j lA>- 4_J Lp j*j L*_a J^3j ® ^ 4-0^ jjjJ I 
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I jS ^UJl e-boJl 0| t tjJJ \S .AOs^>b~oj LLoJ I 

^JbP Lfij <J*}b>- o j I 1 ^<alv2^«l (^bJi 

^\_p L i_j (j! c ca ^L p bo>J I ys* ^ jJ I ^3 c j 1 

(aLoJI y 0.7) j^x^p * Jj>o 4-Jl P (J jw2J>tJ I ^Ju <jl *y I j_oJL^vwa 

!^^_*J I ^3 o3bp wL>- J Ua„sXa ^ LflJ I U ~ ^>^_o I J^>s 

^_i_P A>ia3 L>«_^_U oUj jj j_jJl y° A_*3 IS” 4_*_o_S” j_3 j_> ^S\Jj . ^-*-^-JaJ 1 
d^Pxj Cv«4xj t_5^i ^ ^ ^ ^3 j ^Lj>o j Ug-JL> ^ 1 ^Jp Lb Ajj 1 j_x>JLw*> 1 

3 ba (^,5^1 ( ^J~’V ^ --3 I 3^3^ ^3 U ~ j» J^J Ij j-J I ^5 ” y 3l3^Jj 

yS y $3 L> jJ ^wL>cjL--vw<iJ I I a_*_Us-p j . Lo jJi. J ajl^J I ^3 5 j 

c 1 ^X^*~ A. la. i I ^A_^0wl I v- ' »_a*- (j-* l _ s - ai (_5 j Lk-^j N I U ~ 5 j»_^o I jj-J i 

^ j_o I j j-J I <_£ jJaj 0 j^x-*p Ao Lwo-^S” j Au L J*3 O li *^Cs>- 1 3 jJ>- j iw^vj 

( Jw23 A_J-^-P ^ll>o U5 .A>A^aJ1 Aj>- bJ 1 ya 1 J_>- 0 jJL*^a aJ^xJI ^w2j 
3JP ^3 Ja^-Jl c_3*>l^>- v yi 3boJLpMl Jl J^JajJl 

^ IJ->- ^-w> ^1 ^3j_) ei^Jl ^JljJ ^ oljJL^Jl 


f 


Lwo b ! Jwsj2_L) . U^J yJLp L>cJ I Lo^-JlLxS* 

A_J~<sP ^£3 . j L*_U i^Sj^ ^ ^ ^ J ^ J ^ J b^bo 'y I Ca bjwdj 

yo ^ b>cJ 1 S3bJl Vjl ^Jo ^jUJl jLlJo'yi 

A-k^l j-j (^jbp j jJa ^1 (Uranium hexafluoride) AjjjIiJl 

1 A^a b>rJ I A_^L~woJl A^s_JLP ^ 1 yo A_U*J_*» b^_*33 ^Jo <»lXJ 3 _Lxj j 

aJ^ ui .u 235 ^^»olj^-Jl I *y 1 j. Ja.b 1 jj^xj ^JsJLa ^Sb*Xa ^o-^vsj 

I 3 jJaJ I I j~~> l3^LP ^Jj>cJL^J 3 ^LibJ {£j ^ ^-oJ I 3 ^JaJ I 

j»j^jIjjJ| i^JwAj'yi jJal! I ^Jw^23 1 ( Jw^bjL) ^^7 ^3 1 j aJI*J1 AP j-wsJ 1 ol3 
A^/? t)b>cJL^ 1 cLwJ>- tjijjJi ?-bpjJi y y*' <^-*-> ob>ob c U 23 ^ 

\jj>- Ai-d3 b)l-^-b b3 bw& . U 235 ^ j-olj b l .^+p.>zj3 jbiJl 

j» j_o I J J_J I ^U-bjbi c^jj t 0 Jw& i O lj-A.,^„>&J Lg_jjJ la. ^ 3 

0 j_A A_^3 I jA ^Jo c Aj j jjJ 1 Aj>c_U» ^ 1 ^Lo| ^3 Os lwLa«cJLwo 'y J I 

.^ijjJl 1 A-la.^ I jj ^ jy <Zj \y^j>zZ} 1 
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JyiJl pUJI .3 .8 

^y ?-LoJl yo <LwLp li y£”l Ja— j ^IAp«cJL^I y Uj 

^i-P Ua3 L>c^ 3 ^y^JaJ I y^o_j 1 -AwLLP 4 ^ lJa_*Iu ^ I ^p1j2j 

l)I *jJJ^ JJ-P ySC^-jj 4 I oLJl y^ ^J-j jUa-sXo'yi ^Lp L&j 

. 3 ^3 L) 1 ^J^P t .Aj^yd 0 ^ P 0 ^ ^^LpxJL^vO 

(J 1 J_JL^ 1 4_*3 y e-Lo J-&J C j_> j_o j_j jJ I wLwwwS*! jl I e-LoJl j^Lkjj 

yo»So . 4_J_pli yS*l Ua^Aij 4 ^ j_> ^_o jj jJ 1 oj J_j <LO LxJ I y j>- j j I oj3 

<jl ^y 4 4 j j jj ^y jS f-L>Jl yo .J^SCaJI Ijjk <L^vj>- 

^ X_) 4 0 ^V- ) l^^wOsj I 4. 3 Lj ^ ^_J 1 l.«./?.--— *3 I ^wLj l_3 4j Jj ^ j^vwsj lg.«. < *) ^_J ! I A_& 

?-Lo-Ji e-yy>- ^y ^yL*/^) o j y j-° 3y>- j ^1 ^ cLUj-S" .(jpLJl e-L^Jl 
^J-P LLo ^y 4j>cJLLgJ 1 ** 4_^_) j_wJ 1 oLjjyyjJU ?-Lia_jj ^J_P ( J w<> -*-i ^J-dLJ 1 
( J ta P L aJ (jL*_3l oUjyyjJi oj_A yJaJL**J IwLSsJfcj cjUa_sXo'yi 

^y 0 . 7 ^lp y y^-'O-J I ^*-«-JaJ I ^o 1^ yJ I 3 ^3^ ^ lj 

( JwJjaJ I e-LoJl O^ApLLa 4 LJ Lj . U^~* ^yuljyJl yo 4_LoJl 

,y2_x-j ^y ^»^L>ti_^vu Ja_^Ai j_S* ^JwJLlJ 1 *LJ| j ^^wJaJ I ^j_oljyJl 3 ji j 
4 j>- L>- a_^- y> ^ <U L>tJ 1 oj_& ^yj !—>/?. ^ I oL^>- v yi 

4_3L~j>- ^Lp y*J ci-U-S ySsJ t0wL5_*_oJl j_o 1 jj-J 1 o-wvsAj O lj.<s.^->o 
Cj L^J 1 jj oLj <Ja.^> ' jj di!^ ^Joj .^Jw^Jl e-L>Jl ^bu| U»tJ I 

^3l_*Ji e-L^Jl ^3 L_*_^Ja J_>- j_j ^ j_j j-o j_j jJ 1 wLs-wuS^ 0 ^Jw?J i 

.ioLv^S" j 4^jLj^3 o LU-p ^yz ^5 jJ ^ I Jj>tj_^> L> 


, |jc5 ^3 ^vo 1 j ^J-57 -JLj ^JwJLlII ?• L>J Lj 4j j j_j oLk^ jjjJaJ 


jJ-JLS* j \ (Canadian Deuterium Uranium) 




f 


I -L> 


-L» 


Jufc .«CANDU» 

c_^_^j>cJl ?-LoJl o^LpL^o 


J^_P ^JL^s>- LJ ^3 O Lk_>c_<)J 

‘Lsj>-ljJi ^3 .jIjJlJI ^3 4^o 

^ J 5 JyiJl *LJ| ^ 1^11 ^^'yi c^J/VI 

j» j_ol jj-Jl ( J^_>c_j 4 I j Ja_^o jJ I 

<Uj>- I jJ 1 ^y .3 j3j_S” I^AJwS* y 0 oLw <>-S sj 4j>-LXj) c U-SCwo 
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(CANDU) o*>Ul i* il yb LIp JiSfl .J^^l jj* j ciJ&l 


*^Aj C ^ J a.*.y9 LJ J-0 1 ^ (It 4 ^ J-3 13 *)kp LUo 

. C_i2_k>cJl ?-LoJl CJ^LpLk ^3 ^A>eJA*w<iJl ft Ja.X.yg £-lpJ 


r 


Jl iiUVC 
>i) ' 


. JL*J| JaA-vaJl IS 3j_-_kl <1)1 J 




AlJl \jjt 4J. 


L^J Lj i A_UU_~o ^3 C (_£ J I 3^3 jJ I 

(1)1 U»-JJ .-la y*-*j2~aj y~^ JL>-I J £-l_Pj ^3 U>-^_*-nAj *^Aj (^-~x 10 

t wls^j j^*S* jJa3 ^j>s j^iSsj jj*~*&\ I jla3 <, wuli'yi oJJ 

<1)1 ^Aj (^o ^ ^Jlj^-) j-ASo aS*L>-~x ^J3 I JaJc^aJ 1 l«j U I (1) j-S^j d)l 

• A^»^^ ^ 9* \m£' L g 3 ^ l J 1 A^ ^-*<X 

*)! lASsJkj C J L*J 1 *lj_>-l ^.Ja.*-4 ^3 j_^v wj ( ,LVI oA& ^J«4 j 


20 ^ik; 
dA*-d 


a_^p jl a_p La/? ^^3 o j jJLoJ 1 ^J_p (CANDU) ft jAllS”)) <k>c^3 ^-La AoA*_> 
( J^5kJl ^j^-i -A-LJ-3 (1)Ia1j (_£AJ JaA3 A>- y t lA>- o 1 JaA-^aJ I 

Jk., .(CANDU) (AECL, 2005) £j ajjJ IkkA^ (3-8) 

(^w_j LJ 1 )) 9- Lpj j_-_P o j Uo ^J_3 I £_3 j_>3 ^_3 JaA-^aJ 1 UwU Lj I o Ajk Lu 
( Jj A*wv*jJ L> Ja^wX J-S* JJlxJl f-LoJlj AALwXJ CLw<>J tftfljJ>C^-oJl 

ft^aJj>cJlW A_LvU_~o ^3 3 j3 Jl J ^Aj • L ^-*-*_JgJl ^a j-O 1 j yS 1 3 Jj 

CA-*->o 0 A& j t ^ w 2j" j C Jak-sk 1 <_~olJl t. J j^J 1 J5 J>-U jj 1 

^aJj>rJl J_-_P (1 )IjjAJ| ^JaJLw-U (^wA^Jl ?-U>Jl U/2_»l) 1 ^ j-*-k 1 (1)1 

Jaklu .Sjl ^a»tJl ^jkj Cj Ut.^,/ 0 Ua o 1 jj Jax^ail *^~olJ! ^ygj U JJ-P 

Lo_LLp ^ j U a-JLi 1 ^J^P-lkJl yo ojl jj>Ul j V 1 1 ?-L>Jl 3 jy 

C^ljljJl y& aUU»^x jy l jl y»x . Jl ^JJE)a c Jaj<-vaJ 1 (^woUl 

(_^jl (J^Lwfl yo ^Ja Lv^wO jUkl jJ (Jj^JLj .jUcJl jJ yo 9'\s> j ^3 

^LJl ^1 yljJl ^jVl J^iJl *LJI *jy y* Sjl^pJl JJLj 

. Ljr LojjjJl jJ I Sj jL>t_Jl ^Lo^f ^jJl ^ y UJ 1 (^^UJl 

aJT ^^Jl (CANDU) jaUaJ ^ y>~\ ^Jjj3 ly^o UAjI lalaj^oJ 1 yyj 

UbJl 4j [y AS* ALP AP j-v^^o-1 1 A^SkU jJjVl 3^3 jJ L> Aj 1 

U 235 ja^oljjJl y£> ( w2jj ^gX.kg.1 1 ^yj\jy]\ 3 ji J (1)1 k-Jj .(_£j^Jl 
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. AECL 

|3j3j ^Ap-tJA*sJ ^J*P ^3 JUJl 4«J_P jJt> U>^9 sj ^j-s<ol lig.A) ^ 1 

^ ^JL> C$"H ^ I ^Ia>o ^ l..«.->/?->c-^ 

a.*aa*u L> t^pLa-^Ji ^Jwo_p <J*^->- L^SCoL«jJjl 3 j_3 jJ L> 3 j^a 1I oMl 

^Jwv 2 _>c_j Lo»S" c 3 j_i jJ L) 3 jja )1 aap Laj I aj>- L> tJ I 

pL>J 1 otApLLo 


o^-pLi^Jl ^ j>-\ .4 .8 

<lJ LiiJ>c_^_] 1 (J J V I ^J^>sJ I ^A^JA-I COwL>cJLgJl 4_SCLowoJ I ^3 

^Aj jLiJl 4 J j_& jjJl5 dJLlaJwA ^3 ^ 1 clli-lS” c A_jj L>aJ 1 LjjjJl 

CO 2 j Lp ^*3 AJ 0 ^ 1 IAa ^ 

^3 4_oLp e-La ^Jl L^_1 -j2_) ^_j Ojl jj>cJ I ^J^pIjL^-II <_*_1_3 j_-_P 

S 3 Lp ^jo . 4 _jj UkJ 1 oIaJj-<JI j I t4_jjljj>cJl o'y^LwoJl j 4_L^_Ls» 


OjiL d~>- c(Magnox) k^j^SjIpU)) o^Ip LLj o!>LpLLJI oA& 

^A^-tJAvwJ .^j_jJA^-oJ 1 wLw^vs_S* I c_3*)\_P LwX^a A j_oljj_Jl 3 j_9 j 
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J 1 c Ja-wwx ^5” d^w-3 1 ^_*J I 

j Li-J L 3 ^_LgJ I ^J^P Lj_xjJ L dJ ^\_P Lj_x>_J I J^a I Id-A £_o I 

o!>LpLL*JJ ^JLlJI Jww>Jl ^ (Advanced Gas Reactor - AGR) 


wi™5l L,^ ' 1 


IJla 


c~ 


sJL^vsj <5\_L>w<>J I ^3 jLJL cO 1 


ojjk ^3 j>d~u dSL ^\ 4iLd>^/L> c ^ 

0^) I dJ JJ •S' ^J^P LLlJ I -w2j>c_<)J I ^ yj ^ 1 ^ ^3_9 LL 1 

o^j^>-j_oJi cli-L 4_g_>LLo jUJl <U L- <J j-^J IwlSs-Aj idJLp Js J 

LaAiClxLl jlxJl dJ^-pLLa 0 1 J^a ^*_P j] 1 ^ ji J 4jaL>c_>a ^3 

C-o Lp tdJLp o^LiSL j 4 j->al Lg-i 1 ^_Lp c^wL^jj J-i (AGRs) 
4iaj>c^o j^>-l jl . LsAjI c_jii5La Lg_L^*dJ <jl L>«S” t. d3 jj 1 ^S'lJLo 

<. (Sizewell B) <d aj*^)) o w\_>cJL^J 1 1 ^3 d~d) <L>jjj 

^ j^o (_£_dLlj (PWR) -I? ^x_»/ 2 >a p La LLa ^.^■o..>, < g.7 J^S I Co 15" 1 

4_SLLjwo_Ji ^j3 <_£ j_>-l A_j J j-j O Ua->c-^ e-Ld ^*JL> ^*_Jj . c_j2_*_L>eJ I e-L>JL 

^a pS* j}\ ^i»P c 1 995 ^ Ip ^3 B ^JjJ^jLo 4ia^>c>a ^ld3l Jda O^dddJl 

s 3 Lg-j I L 43 UaJJ <CL).-L>- ‘Uwl-w ^3 dJjLLl A_o LLj ! La ^S\_>cJ 1 (ji 

Lj La ^3 j_P- ^j^a j . W L >- yLsLa ^ J jjJ I j Lj>sJ I ^J-P JsLdl^sJ® 

L jLo c_3 j_^ Lg_a I jl CjLiJL o3^ja L o J_j J_>- oLisj>c^a ^ I d— C -j 

J 1 C ^JlS” I J_x_v2-^ fL> LLd ^ " ^Lp tLjw^a 

• j»JUJ| jl-Uj ^ J~^ <_ 5 ^ ( _ ? ^ w jr^waj 


4_>-jjJl j»_j t jjLJl ^L>TLj'yi J 


^ LJ I 4 ^ I j_j ^ L- 0 ' ' /? ; J^ 3 O - ^ 1 

4j^>LpU_0 (^-Jl ■ jt-;- 

O^ 3 JaL Js. 1 ' L 

* jLV 


(*' 


f‘ 


0 Jla jiJ (CANDU) 




U L- t (RBMK) 

J 4_^_j LL a 


UJ 




JLS’ 






c o j_J« Lw^ o^JpLJs LL-)i l g ■ | c-a-J->J 1 4 

^ j-^J ^ 4 L L-^g- t ^J_LJ I 4 LJ I J^p Ua 


LJI 


J d_g_j LLs 
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0 jO L-a C^pLLoJl J lju jV I 


t* 


<Ul 




.,!'? " 1 1 l-i_& 


c* 


Jj>- 1 


iJliA 


- -^J-* 


bp2o ' ^JolJLJi t d~-3 I j-*J 1 A-k-^i ' jo Jj^a jo>J 1 1? ^ jJ 1 (J jJL^voa oLj 

jl ^jS boo < — 1 _aJ I ^ibjd jb>o Jw*5bjJ ob t^l jip-*}b! 

jUa-sXo^l O^bploJo 0 J_J ^y2 _o2j>J L )j3 ^jA 0 jl jS>x Jl ^Jljj ^i»P bdJ I 
<LwsjJlj j^s* ^JwJjJ ^ Uaj \ ol Lo .a. Ls^U>«Ji 

I j_-^ ^ I j aJo>Jo>*_oJ I JL jJa J I ^3 jo ^*J c_A«o *)\J <_£ 3J 1 t b]2j>e_oJ 1 

^Jo jo j_J _ j O ^>\_P loL-a wL>- 'y *w-J-aJ I J Lg— >,<go I j j-Ja_>cJ 1 J^o jj>*J ^ <J t>b>- 
JoL^Jl 4JL c 1 9 8 6 j»Lp doL>Jl Ula jJ .(Chernobyl) 




u»- j u^ j sLj>- oij^as ^\ bojpa t^>jbJi <_5^ i j-wo 'y i ^jjjJi 

. I ^3 (RBMK) O^bpLLo *Uj^[ ^bJl i, A3 jl! 1 bo jJb 


4j 


jjj^Jl co I ^3 ^ I o^bpbL>Jl ^abJI ^^j^l bo! 

c_a_^aj>cJ 1 *boJl wLoJLxo j_& j C (VVER) ^j_L> j 1 

^3 j>wL>cJL^vwoJ 1 J 2 J-X_q2-qJ ' e-boJl bJoJ I b^objja jg,.,.,..^ J J 3 

<lJ lo? 1 j_*J 1 Jo j^j ^3 JobCLo I Co *>bp LLoJ j_Lj j_&j . Co 1 3 VeJ 1 

^JJbCo t j_£3 Jg j_x. •»,<?..-<> J ' f-boJi Co *D*LP loJa ^^s>xlSj L 4_3 LI 2 J lo Cj j jjJ 1 

. (RBMR) /f -vW2J Jj-a bb<a| I C 




c <L«-o-*>vJl 1 1 l ^ a \s* 

LajLwo L*Jg.>- ^y JwA3 


J^Ls^AO 


J JJ L^J t (Breeder Reactors) SjJ j_^J 

.^jliAJj'yi (_£jjjJl 3j3jJi ^>3 As3 L/? 

aj>J| ^3 99.3 c_a! bo ^x-s-Ja-1 ' j>j^olj j-J 
^5 j LL?-^) *y 1 aLoJI ^3 0 .7 U 238 ^j_oljj_Jl 

^JL^Jl ^3j _ j ^jjjJl ( J^-pLa>J! ( J— JJJ <J*>l_>-j . U 235 

IJ 238 j_o I j J-J 1 ^JojJ> J O^Lp olojjJj-jU 

. Jj U 2 J 0 1 ^J-P La 3 b)i j~~j ^JaUw»o (jdJl c Pll 23 ^ ^ ^Jj jJaj 

^J-P t A_^3 ^ J j_P joa (J jo lo ^oLJ o^Lp PU 239 ^ j_o jo jJoJl ^Joab^o 

.^j/3 ‘Cxoa ^JoaL^jJl i^O>o IdJ C ^b*-J^y 1 bp j-o2JP 4o I ( j>a ^-P jJ 1 

^ j-^J jJ ^ ^J..>,^.3 Jj^^o c jXb^JLwoisJ ! 3 j3 j-bl ApxJ Lx_o 3 I o3 bp| CJwoo 
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JaJLs Jj>- jJ . 3 j3j_S” j Ua-*Xu 1 ^jIjj A_JL ^j_p 

j5sj ( l/° Aj J Ua^Xo 1 03 LoJ I 0 jjt> ^jA o jJ*-*P oL5 

Aj>tJ IjJ 1 O Li J jJ I ^.Jg-X-a J V AjJ_^lJLlJ I iS LkJ I CJ ^Vp LiLa ^3 

t L>- .jJ ^a LLa ^ 1 I . ig— w» I tww^j ® 4j-igJ )) 

C ^.../?.>c-oJ 1 j» j_o!jj_J| 3 j_3 j C Jg. .wwQ j 3 jJ>-j J j3 

owL^J ) . ^5 j L jg-»Xo ! Pu ~ ^ y*~* y * -^1 j-*S\ dji-^oS 

tjjj>cj <1)1 l cii-LgJLwvJ L>^o j^iSL) JzS I l^jij L) I o^U LLJ 1 

0*)LpLLa ^3 3 j3 j_S” A^o lw\i»cJLwo 1 1 J^a Pll^^ ^ j_o jJ j_LJ I _Lx_> 

^jA jZ&j jS\ * y>- ( jA 031^-0^1 C SjL ^JgJ 1 .AjJ^lglJi 43 UgJ 1 

c/ LJ L>- La ^a SJjLlJL ^xLgJ 1 ^ ^_o 1^^-J 1 A3 Llg ^wL^g «a 

tA-SjjJgJl oJ_^_j c aJ I I jjJJLL I Oj LJj 1 Ji j . SjwL-wLjjJ 1 *i>Lp LU 1 

^3 ^jJL>t_^Jl j» j_*_> I j j»J I <.- a «p j <1)1 SjLgjJl ^3 

jJfc U5 Jgj& auJI ^3 0 •3 O' 'yjj c ^ j jj 5j3jS ^x-jgji j^jIjjJi 

^_x_*_JgJl j» j_o Ij j_J 1 ^a o3 LdJL-»a V I OwLgJ <Jj_^_> . LJL>- <J L>sJ 1 

( JwaLx_; 3j3jJl <J jJj>c*a jil^J ^oLJl (^jSo ( Jw*g3'yi) 

Co *)Lp LLa O-Lx-Ji w\3 o3J_xJLa L I_LLj <J ' t>° I_s^ Jr' 1 

oaJ ^_>a dj *>lp ls_x>_i ^_>a i ^_i ij i_la -L>- ^_j 'y ** 


L_) Ow\_l 


.wUaXxJI wL 3 ^jL>o ^ jZ~+A 

S^Jiiu LLo ^-woLvaJ .5 .8 

^_3 L^jLlJo /^a A_»jjjJl SJ LL?-U 4 _jj Lp^jJ 1 £_jjL*XwaJl Oj-a 
Jww>sJl . jt-^a Ls^al! 1 i j-a ^si>Ljl J ^SJl oLw^a>- 

A3 LlgJ 1 <1)1 jL-J c_3-L^J C A^w»_) j>*-> oLlg^a ^jS' l jLp <j LS” <Jj*y I 
jJj>J Jj>- 1 ol^ d_jjU>*J L^>- jJ jJpj 4_t JjjJ I 

(Magnox) ^S'jjJ^LJl o^LpLLo olk^<Jl oJ_s> 

0*^Lpl_4d jY_w^LvaJ ^ Jw^SnJ I J dPi_X>_X>J I ^3 jUJL 

oL^jJl ^ (Westinghouse) ^..jl g » ■ ■ -- - j. j-o Jg jj» ./? 1 *L»Jl 

fUl Jplio ^Uajj iLj ji ^ (Framatome) *jj[*\yi}\j toJg^uJl 
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oLVjJl (GE) JJLjjiSUl Jl^r ^ i (BWR) 

( J^I aJ JJL x^a ^y*~ ® Lg-J-L l) IS” Cj 1 Jj>- jJl oJjfc ^yA 1 jZS 0} . oJj>w>J I 
4 j Lj>- 4_>L^_j ^Jl (J^M J L^-la_*->3J t 4_o L)j_^_S' .l?lj Li_^3 100 S 

^UJI J~>Jl Ul .1*5^1 i^jcJL jtJ Lg_Lo j- 2 LS"j t o 1 4.^-q.^.o.. ■>/?.!] 1 

t Li-^-lSba o j-^y-> 4-> j L>cJ Cj Ua^>c^3 oj L_P <J l5o 4_j j jjJ 1 <2j l_i 2 _>*_x>JJ 

^i_p c^J-Ajj J-i j t^Lp! jl c4_oLj_g_S* -L?lj 500 ^_>cj>o S^Lpj 

\ j^lS ^L>- b j jjJ 1 43 UaJ I 4_P L^aJ I 3 1 Lg-i 1 

_l3 j C ^g-^»ww<>_s^?JL] 1 ^o_P 4j L^_j ^1 b > <ZJ Ui2j>c_^J I 0 wi_A 

c_jLgL>cJ I e-L>Jl Ob^Lb ^j>s Jb ^j>s 1 _L> Jj>- bL^>- 4 j 1 43 UaJ I ?-L>Ap 
^-^L v 2 do o jSLJ otA^LLbl ^ LJl 1 j_A .^JwsiJl ?-L>Jlj 

4^-o-^->,^.L I olj-woJl 0 j_) Jj>- 4iaj>c_^ Ji' C 0 j j£s~a jsS' 

0 J-A C-O I J_3 j . 4JL LwJ 1 CJ 1 _\j>- jJ I ^3 4_*_~vjbLoJ 1 0 j_b-cJ 1 4j>t_Co 

£ > ** 

J*>U- O-bol ^ L^2 j ^3 Ol jbdJ 1 £0 t 4j JJ.L.L I 4 »^ojL>-oJ1 

.^lill olk^ e-Lebj <uLLs* s^LjJ I coll 2 j>c_LJl ?-L_) 

L^_^_^_^_px 3 L^_>- 1 j_i3 1 ^_j 1 cJlllI o J_> j_>cJ 1 Lv?jl! 1 L« I 

4_iiS (Modular Design) ola .?- j b 

1 olj_wa bwLP Lv2_jI wl3 j c 4 , ^ a >c_L» 

Lv 2 _j I c-otajl (jJJj-S* .4_^3 j_jjJ|j oLo'yi L 33 L-A C J_j J_>sJ 1 

4-oL^_S” 600 ( J*A (_ 5 ^J cCjI^L^-jJI ^ L>C ^>- 1 

.j^S *)} I oL^dw^Ji 4 »^jJL 4^jLj^5" \?\ j 1600 


4_o L j_^_5sJ I i^J L^_*JJL~_)j 4 _S* j_Jo Oj j_L> c 0wL>tJLoJ 1 O L ^ jJ I ^3 

o*>LpLiLo wol v? 7 (Westinghouse Electric Company, 2005) 


O liaj>t_>3 V ‘lLajl^vwo cj b (PWRs) o J_jwL>- Jj? jJ*~Js~a 

c o j>A ^pjjj t^oLj^S” 1 000 j 4^5 L Js^ljl^wo 600 

45^ Oj}i . (API 000) j (AP600) 

oLjMjJI (General Electric Company - GE, 2005) dL-^JL-SLJl 
13 50 ojJLL (ABWR) ?-L>Jl tL^jl 0 wL>cJLx>J i 
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^_P J_> ^J_P Uo /» o ^ ^ ® j-lJ 1 ^3 ^_j j 4 4_o L J I J 

® 3 L/2-13 'y I Ja-wv^woJ I ^_L*_J 1 * LJ I ( J^P U> ® t ® + cJ U 1 ( J^>J I )) j 

.J (LU^J Jlj 1500) 11* . (ESBWR) 


Ua. 


® ^jy-p LJ 1 j_^_p <1) Lo V I ® o IwOw^o Jwo_sX^jj c (AB W R) o jJJ ijr^ j-'LS* ^ 

. ( J ta pUjl 4_J3 j*S> wL> j^sS 1 *LJ ^^-JJ I jjj-ojJl ^Jj>- I ^y» ^.■wowgjJ L) 
' 1 t-lia^J 4 43 UaJ I Ja>eU ^ J 1 ^JLJ I (J L- ^3 4 U) jJJ 1 ol^J 


iJLjl 

w \ '-' *5” 

4^LUI o j I jj>- a_>-jJ-j ^Jl>c_J_l J LS" e-Lo j 1 jj 3 ol>^3 

.LjL^j Jw*-jLwv-j t^J-J I j Lg-s^j ' cLj_L>- 4_o LSL4 oLi IwLSs_aj 

|t-^ U 2 JL) 4jjIJLo ^j3 1 oLUL/?j olitw^J (ESBWR) ^■■^•o.->,<g.7 twJJa-Xj 

4jlU j jU/?I 4^>- Lw« L 4 JjjLJi ^JwsJ>sJ 1 

j<Jl3 4 wO j_U 1 L>U 4_> 1 j_>- Lg-JL? o , r u>. 

.LJ (ESBWR) f 


wL* 


• \ • w 

> s* 

d-oJ I J3 4_o ^_j U I O* LUlJ 1 O I 4-v 3 j^JLa 


Zj LLs^aJ 

Li 1—^9 LjLA I J^_P o-\_P 43 Li? d-> LS" C3 ^_-_P 

4 oJ_i CJ U-Px-A 


•c 


L>cJj 


J-pL1o ^ J5 ^ ^ 

J) (BWR) JJlJI fUl JpI iij (PWR) *LJl 

^2^L>t_Jl jl>-I ojj . 4 .>/? a >^ jwa *LD! cJJLSLj oLVl 
j_* *LJl J Jj2JL~*wJ I Olw\j>-^Ji ^-^.ygJ 1 ^jJl i^-gJ 
4 j 3 ^j_o Lo 4 jj jJI Jaj>c_Ji ^LJ c_3 j-U-J 1 jJ 1 ^3 JJuJl 

^JwsJ>sJ 1 O Ii2j>c^3 ^ LJ j_U_J I ^yO jj 1 ^Jo J.+/2.5 \ ^ I 4 O I jJwwO 


^3 ^j-vwoj ?-LLj*!)J j -^23 ^ 1 jJ 1 IJa jjl .^Ul 

4 (GE) (Jlj^->- ^Lp Ua ( ^o ( J^vJ oljjwUb 4 ?-LLj^I cJJ LSL 

(J Lx^o ^<w? 44 UUJI e-Ul JJ 1 ^ j L^ci^ojj 


J^U jl LL^ Jlj ^LS J^J3 1 600 j 1400 ^ 

jjt J-pU) (EPR1600) 4 

o^jJaJ j»J (Framatome, 2005) 4 ^jL j ^S' J»l j Li—o 1600 ji , .,^T 

.(Siemens) j (Framatome) ^jjUly it ^ aS'jLlJL 
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ji ^3 LSjLwo O-Cj 1 (PWR) Jg j_*_va*gJ I pL>J| Cj 1 Jj>- jJ jjJa J Ajj 
aJJEvwxE I olJg-jJl CJ b A^JwJl ^ip Ao U _LE ll) 1 £0 tLoLoJlj 
(Olkiliuto 3 .ajLJISsJj pLEj^M ( JwJ-ajj oLo'hM 

wLi oS/I <• LjL>o l^_dJa ^Sj (EPR1600) Aiag>tA Jjl I~uE3 ^ 3) 
V ^ . te) ^Jl s 2009 >\* J IJlJ o! t f-Ujy I 

pL*J1 cj^IpLLaj L^-wvs3 Ilo ^3 ^yo L^_Ep j-AiJ \ 
^J»5w> jj jJaJ ^^Ip (AECL) aj j^5sJ I aj j I aJ UaJ I aJISj (J I yi 

.Jaj^Jl JJi3l pLJI (CANDU) JpUli EJlill J~>Jl ^ ^4 
IS L» : -o. */? 7 (Advanced Candu Reactor - ACR700) JpliJ 
Jalj Lx_w0 1000 t S wL2-j_> c aJ Lj^-S - Jalj Lx_w0 700 

J_>- ! ^Jl aSL^^E . Lygu I ^-13^1 J^-3 t(ACR1000) a_oL> y^ 

O _l_owJi> c p LEj^/ I aJL j_ia j A_EjL~^oJ 1 Cj l_L>- jJ 1 I L>«_a 

o3 L> j AS^LgJl ^-wo-s^2-lJ 1 Olj— *J ^yo E_\p Lyg-> I (ACR) ol-L >-j 

3 jJj oj_A ^yd. <./? 1 7 .cE_Jl_SEJl pEVI 

pLoJI ( J^P Ls^a Jp C-A^A2>cJ I pLoJl ^ IJEtCC»a> I >wW2^J I 

^jJJa_^Jl ( JwJcJl pLoJI l)jJj>c^3 ^2_4j>- (^3Jl C^Jjl 3 yy*S JwJLlS I 

^j-o-*Xu . ( )a.«.AAi yS I pLoJI Jl>„ M) El ^ 75 

^ip 1 oL>-j3 1^3 0^1 la- j jUJJ ^IpI UaE/? L^2 j i 1 |t^<w 2 xl 1 

^3 y^yi^zJ ^^IpI O^LaS" L 4 l OJ I jJ>c_U 

. 1 J ISo 

L> ^IjJl L> 0 Jp-t« C3 ^ApLa« L-yg J 3w\p E^gj I lil-LA 

^ww«Lv^Jl oJjt ^ ]g>co OJ .^jjJaJl ljj>- o j5w>Jl Lg_!a-I ^3 oJlj 


aj*>C j_p j-^ j 1 1 973 ^»Lp ^ J-pli-<Jl IJL» pLlJ ^djEJl \Ju (-:!:-) 

t2000 j jj\S ^ p'lcj ^JlJJ i y3y>-j^\ I j .o*!ApIao 

t2009 j-at» /jta ^5 ^J-pLaEI ' A_g_i ( J_o_*Jl ol (_A^ 

Q$y ^ ^oJ I wLp^oJ I 2^" s. iJ «i^ E C ^3 I 

.2013 ^ Lp ^5 ^^>>*3 1 ^a»o O I (_E^' ^ c3 ^ ^ I ^ I 5 0 
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^s>-j caJLLwJI ^j_p ^ I a^j >- Li ^yo <^Jl\ss>zJ 

l-yg-ll 1 ojjfc ~LxJ t^iLb £>3 . ^J_SLjL> ‘Lww^j >»-JjL>o ( J^P ojLp 

C ^/?A>zS ^] ' 1 iwjLJ ISJ j oJjijJl oe-Ll^Jl <Lj>- U 

.ioli <Cwwo 30 — 20 <J t)L>- ^jL>ciJl ^ jjg.>.U IjjfcU- Oj^j L>jj Lg-vi*jj 

(_£jJC_a ^3 jljJu 10 LJLp l3L>ol <u 5” j^a^l A3 UaJ 1 ojljj C-O l_3 
^1 jj I ajl~* a_p o2-a oj^>j -Lij c (GIF) jl 1 jJl 
Jj«j ^5j L>tll 1 ^3 La^j jJ^j J^SLoj 1 o j jJaLoJ I CJ *>Lp LL<J 1 3 

oJla cJ-La jl .(US DOE, 2005) j^M ya <C-^ai 3 0 1 ^>- 

LolAj^J^ol ^JJLj ^jJl t Ua I JJL^o 1 j_LS" I 4_> j j_j A3 Li? ^_j jJaJ j_A 

^J_p| jLal j_*3 jjj COjJljJLoJl j> j_o Ijj-Jl oL)jJj>c_^>J j_2LSC ^Jwv^I 
L$vJ J Aj J I OLLLJi yo ^y2JlS>zl*jZ ^Luj L 4*3 J-J 

( J^-3 y* Lg_Jj jLJLoJI o!>LpLL<J| ya AJLwJ I jj V 1 L)} .A3liaJl ^Lu^f 
O *>Lp LLa Lv2j L^Ja^ca ^3 ^A Wj^JaJl AjajL>-W L^JLLoJ ^3 (GIF) 
<L«Jjl 3lj_a ^ L 3^3 j_U ^J->,<a3 ' La IwU-tJL-^ I j3ljJ ^A_xjj_~aW 

t>LS" 0 *>IpLLJ| OwLa .A*JLp ojl y>- oL>-j 3 ^.Ja/J A^oLwa o _Lj_L>- 

jUa_*Xol ^J_P A^JLxJ 1 c^SwL>-lj Cj *>Lp LLa L->,<aJ j^a 

03LpI) ^jjJlL ^ j_Aj 1 KaJLL*_oJ 1 OjljJlW ^jj ^aLvaJj t 0 Jj>- jJ U 235 

^ 1-la.) ^ wUxJL^vO .A_*_; ^_^vJ I cI-^^Lp La_x>J I ^3 jJ ^-oL i ^ ^ ^ ! Jw>cJL-*j I 

^\jJ>zS^\ S^LpI ^x-a AJLLx-a 3 j_3 j ojl^ j LxJ [j 3 1 ^ j_v«J I ^J^P LLoJ 1 

. j-^S ^J-5LsXo <ZJ E IkL. iJ ^Ji ^t.*. 1 >A_1 ^i. •> i -Q.. 1 ! ^ y) ^_L*2 I 

I C 0 J^-) Lwa Lp J yl Oj 3 ^ I ^ I Aa-eJL^i I /^SLowtiJ I 

-\_J jSA A_)J_L>3 A_>- j3 850 I ^J^>--L>3 5j| j->- AJ>-j 3 JJ-P 
(Lead Cooled Fast ^JL £0-~^ J^LL<Jl jl 

J^SLsto jiLJ tAiJjca 3 j ojb L2 l>I Reactor - LFR) 

J-* 




3 j3 jJ L oJjjjJ S^LpI *_^JJaijj c (Sealed) ^^_5L>c^a 3lwL*» j3^ 

A>oljjjJl LS* jj>tJ I Aja.^o ' j_j jJl 3 jyi jj J_> . AJ^ 3 0 — 10 J_xj Ja_A3 

.A_jj-La Aj>-j3 600 I y>- Lww^vO A...,^?.^.>c-La o j I ^>- Aj>-j 3 JJ-P A_^_x_^_JaJ 1 
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I jIj ^_pxj>o A_*_*j j jjJ I A3 UfiJ 1 J-J jjJ ^^5 C/2 jJ L> 3 I ^J-P LLoJ I j j_*j2j 

J J-g-yg-oJ I ^_L<aJ I ^J_P LLa Ul . O.Jj>-jJJ AoL)j_g_ S" ip I J L*-~a 1 50 J 50 ^J-O 
JaJL>- J5 LLa JjL*. 3^3jj Jwojo (Molten Salt Reactor - MSR) 

V— *2-3 j_<_P (_gjJl ^j_> jjJ- 3 J j»j_*-Jj_SjjJlj j* j->3 j «/? 1 1 

3 ^w<jJ A>zl*A ^ ! ^c-LoJ I ^J-P I l 

LawLxj ^*joj t jLaL> 1 ^3 ^Lj ^221 j L> 5 ^Jlj^ c^j>*J j *y 1 

oj 1 J_) A3 Li? wLJ jJ ^ Ua_} ^3 ^*\J>zSL ~. J ^SC (_£j-j 12 3j_*_a l 3^1 ® J ^ I ( j2j 
3 ^-~o2 1 ^—2 I ^JbP IjL<>J I ^_>-l ^ j-*a ^J-P li_a .2 .Aj_LjjJj2l j 

^jJl c (Sodium Cooled Fast Reactor - SFR) p_>3 j-aJL 

ojl y>- Aj>-j 3 -Up jl jjJl ^»jj3 j-ygJ 1 ^JjL-o Ala^o I jj 3 a A^SsJ bji3 13 jij 

jl^Vl jLaliLJl Lai .AjjjLa ^rj3 550 L. ; LJ-U-^a 

^ ^>cJ ' ^3 aLoJL 3 I ^JbP LL>2 1 Lo-^3 (GIF) A*»l^3 ^3 jl I 

i>-j3 ji JpLLJIj t (Supercritical Water Cooled Reactor - SWCR) 
.J>J\ 3^5 ^JJl (VHTR) W LJLJl OJ I jJ>tJ 1 

jl Ap- jJLA^a 3 j3j OjlJj laj ( Jwo-*j jl (SWCR) ^jj ^jA ^J*P La^JJ 
Aj>~j3j I j_3 aLa jl ^j-SLo-oJl ^_aj t AJLl_*_a 

j^a .J^pLLjl Lai .^J-plij ^a-La Jj2L>*cJ Aj>- I ojl jj>j I 

^jUJl ^jjJI ojb^ ajJ^JI jlp (>1^0 jl ^^Jl (VHTR) 
1000 A_Oj3 ojl^>- A^>-j3 jli aJ L>j I oJjk ^3 t (GFR) ( J^> S 

aJJw*-^3 Aj«c_^vJ . A-J I aI2j>c_oJ| S?-La5” jJ_xj c_3 Aj^-La A^>- j3 

^^v2_>cJl aa-JpW ^JwP CLo likj oLowv^-jJl (VHTR) ^J_p jj>Jl 
^3 jJy j °Wj-^ ^I-G-^jl^I t (Pebble-bed) 

i?as j^y i Aj L*J o3j^>- j> 3 Ls^aj I oJjfc ^ik^a . Lw^vj Ja^w » j *_*i3 ^..^■o...>, < g.7 

J^S ^wO» V?7 jl ^j^g-gJl AJ C A^3jj CaL»IjJ-S* 

.Ajj UxJl AaJj>j| ^>-Aj 5 L>- ^lw2j jl ( J^3 

^\^>Sj>zA jj J_j j j_j I ^LoJj ^ I jS Xj j I ijp^J j-Xd I C I j-w*- 1 

C LJ L>- A^a Jj>cJL^vw<)J I Aj J_jJLlJ I Aj j Ua^Xo j/ 1 O^LpLa-^-LJ -La *)J I 
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^ L>tU I ^JpUUl <J .<Lol5 o Jp 3 jJL*J LgJ UaJa.>cj3j 

1 Lo«^v2^j i ^ jLu j U l J j jJ IS' t lix^T J J^-^$J l lS j-Jaj ^ 1 jj 

^.LjJ LL t>- j-U I jJJi) 5j| jS>- LL L>- j.2>j <Uj L^ LL>Ua LL->L' 

^jA bj^S oLwo-S” jj y>zj tJjJjjj l aS UaJ 1 ^JLp Ojj-jj-o j ^j-J-^Jl oj^ 
o j_^-_S ^ y>- A3 Li? 5 jJj ^JJl J-A A3 UaJ I jJLyg-oJ 1 IJ-A LJ .A3UaJi 

^>-LoJj^[l ^JpUUI ja>z^~j 3 jJL*J *LJl*JI ^-U“ ~Uj c 1 Jj>- 

jj jJa.U aJw<3JL>«_oJ 1 -XjIjjUI ^Jp A-o I J_>cJL*» I ^Jj>-I ^j-o 

*y ^usu^ ( j>_su*lj j jp&j s )i\ ^j_p csjj-U^ ^Laj.j'yi oiJa-^c-A 


3 Lwfl 


Jr 4 


Aj>- 


*-gJ 1 jjUaj ^J-SsLLj W ^ ji jJ I )) 


^v2J I 

J 1 ((jj>eJ>eJU LU ^|j^>LL-o| *L>J»*Ji (JjL>- L J 
lSj^ 


LJl 




J-^ r L 

JIJJI j j-s^2jU Ij ^ Jj>c_>U 1 ^ jl 


A^S ^3 1 L<a.U.>J j t Aj j jU 1 olJaj>c^iJl jUI ^3 ULojlj tjL>sUl 

A3 UaJ I A_^>lj3 O-oJ . Lg_^- UU ^ (j- 4 ^U l A_*_JL<U I oUUUl ^1 ja 

,LJ A^*iwU_gJl CJ L) Jj>tU 1 ^ l oJj-\p U ol jLj>sjU 1 ^3 A*J>- Lo-L^ 1 

^^JlpI lj\y>- ol^-j3 j_lp p!j_l^I ^Up j^IS ^.Lgp JpLLo 

^j_>3 * j- 2 ? U t>U>- A3j j-*-j 3 0-^Uo (_£ I jl^->3-) 1 .j_>s oJlj-Lp Ol j-o— 1 

IJ_a ^l>- • Lg_U_p kw-sJ-ijU 1 ■>/?. 1 1 .. * >_>3 o'yi , ll>- llJI ) L> c a_o UJ 1 

|*Jo JJ 1 ^^-U* 

ol jJJl A_j j_j i ^ijjL>- v y 
j^J 'j^y (W 

^_>t_>cJ ! ^ I -LpxjL-o I ^ ^-— *_ »/? «-_3wL-A ^_1 _p 1-Lj>- 

J-pliJ (Tokamak) UL>LSjJ jL^r J^SLi ^^ip 

ULla o_j LS 1 1 997 aLp a_oLU 1 Ut>U>- 

> - 

^Jp Uj AJa_-^ I^j LL ^5! aJ Uaj jl^>U! Aj-lkU A3 UaJ 1 ^\ A>- L>- 

>- j JLtf-oJ 1 j i-L>- ^j_o ^UJ I ^jjjy . UJ A_i ^_Ua-oJ I A3 UaJ I c t-iU J-S* UaAj^/ 1 

dJJj O I ^>3 o-Lxj ^^ip I 0 jSo l) I ^jSLo-oJ 1 t ^ J J-v2jU Ij Jj>tJ>UJ 

^3 jJfc j-j>sjU I t-_i-LgJl o\ I-ISLaj .^J-^al^Jl ^y^-LoJj'yi ( JpUUL> AjsxLlU 1 

^jj>- AiUa A_Lj2j>c-<>j jl j-gJL^'yi U ^>- Us J j 1 ^Jp Uj JjjJj A^j jJa jj jJaj 

^Jj3 j^LL-v-O J-L»j2j 3 jj yj ^Jj>tL-vJ 0 I Jj-Lso ^j-SU>J ^U 1 lO- j>3 
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^ ] 1 j 4_^>J_xJl oLj^l>c_iJ! jj . jjwL—gJ 15 ^j>-I 43 Ll? L>- jl 

<iaj>c_oJ ^Uajl (_£ I j c ^wLv2j ^ jjj3 ^.Ip (J j-v2j>tiJ 

50 ^Jlj_^ J^-3 j-^2_) jl C ( J wsi2> I3j t ^-Sjgo l£JJ-* ^L^-jl 

^^Ip UU- 3L^pMI ^ ^U5o>- i3L& j jSi jJ t^bJLj .j»Ip 100 

. ^*3 I ^JwOJ^www<>J I ^3 43 LkiJ ^LoP j w\ ■>/? ^5 I ^ La.-Aj ^ I 

Sjj^JI SSUaJI .6 .8 

jl ?•! jJL) I * « 1 c I |j_A ka JjLa ^3 U j-5”^ Lo_S” 

o j^3 jj .4^3 IwUL-vwoJ I 43 LkU j_W2^S* 4jjjjJl 43 U 2 JI jLjj>-l ^3 Ij^5n^j 

^IlJI jjJUU 4j>t^5 j 4 4~_~J o ^io ^ (Sustainability) ^iJ^Ml 
^ (Entropy) ^L^-j jl ( _ 5 1 p ^JJl t dJl^Uj3j^iU 

4^o 1 JJL^o 1 )) ^L*_g*j I |j_A ^JJLo '^TJ-i ^ t E 3L>3jl_> j_A j I 

j V I I j_A ^3 4 jj jjJ I 43 LkJ I ^J_P j-5* jJ j I U jJL>- I . W 4-4 L> 

jJk ^ jjJU>- *y I 3 j3 jJ I ^ ioL ^ijl 43 UaJ I J_J jj ^3 I Jj«xJLs^ I 

C jiJ J-S* .4X^3jJl Ol jLp jJ jj ^^^>0 ^3 4j>c_j>ljJl I wL>-l 

jJ>v2^3 ^1 ^JJLo t 3 j Jj>- jj3 d—wJ j»j_oljjJl Sj3 j jl jJj 

((jJj_^Jl jl ^Jw^l^Jl)) j- 4 OjjpjLo ^IJkcJL^I jli c j->"l 

.^j.^^1 oILo ^Jj ^ j jj I 3j3jJl yly 0 ^13 ^J.-lgj jl ^jS s-oj (Breeder) 
I A*^J\ ‘Lo I j/ 1 ( JjLww« ?• Jj>cJ I I j_& ^3 >^_3 j_^a> 

43 II 2 JI j-* j I jJlJI I ^3 I ^3 jl 

J^-v2Jo .43H2JJ 4^3 1 JJLwo I I oL>oL> 4_4 j jJa5* 4jj jjJ I 

t 4 j I Cj ll2_>c^jJ ^Jj 3 ji j5* J» j-ol jjJl j^lj-> ^JjLwwoJI oj-A 

oLUjJI jL^j'yij jL.Vl ^1 ULj>yL> 

4J LvjJ ( j^»jJJ c_3 (»\j^J>-\ . 4jj jJ I 43Q2JI ^Lo^[ 4_j LoJ I < oljj>j|j 

^4_^_^<lj3 <k}[s>xS^ L v*j ji ^.ko j t4jjjjJl 43 II 2 J L ^j^jJl 4 ««Lp (J ^-3 

3jijJl ^Ip k^JkJl 4jjjj| 43 U 2 JI j»|jj>tl~ol ^3 

^Jl^>- j>j^Ij jJJ LJL>- 1^3 j I j wc^L<jl ( ^kLjj>-'yiw j| 

ijjjjJl ol_kj>c_<)j| JojjjJ ^jLS” j-&j ^ jr-^ 5 j j-—ka 4 — 3 
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y^~*<±s>x^ I I 3 y jJ Ij c 440 I jj>- 3-Ap LJ 1 o ^ yr y*^ ^ 

^ j_o I j j_J 1 y-^ a_ap L vs^o ^o aJ L jj JJLd I jt-j Aij .<LoL2Jl a_l~« 
^jJ-4j l)| • (US DOE, 2005) Ol y yiS* ^Jl y- ^Jl o yji] I o J-A 3 L 0 j| 

3 j_3 j l)I y3 yLUj L>cJ ' J l^Vl y*-*J? aj^> L)jjd*s_oJl 

Ja^>Ju Ajj jjJl A3 UaJ 1 oUap^iJ L>d I ^Jw^>bJ 1 t y ^Jd-xJL^j ^j_oljj_Jl 
aJL>sJ| o J_A i y ^Jo ^Lw _>■ t Aj>- jJlUjJ I 5j 1 aJ 1 Ja-oJj jl c®oJL>-lj Oj-oJ)) 

j_A (_£A_!l yt. *«\a 1 ' j»j_Jljj_Jl yo 1 3 43 AJAJI ^3 0.7 ^Jlj^- j»IAAxJA»I 
^ 99 ^S7 j) t ^4 jyy .^jll sL^ df I U 235 j»jJljjj J5 La> 

( Jja I *j3>- \ j+S>- \ ^-w2-J t A^ IwUxJL^j 1 ^*Aj j» j_oljj-Jl ( Jja AJA>J i 

aJL j^2j L^Jw« ^/2i_>cjJ 1 j I c L) J->U l) I i AjUUoJ I o Ij LdJ 1 

^J-sJ>sJl <lJ LAj 2 j yZLx^J (J ULo 1 yJL>zJ y£~y t jJaJ I ^Lpj .La 

( Jja ^-g-a * 'yr jJ^J-^-d *-*-tj~* ->^hs'\ju* A_*3 ^AA«xJL~vJ ^LwJ>- C £j 1 1 

j-^Llpj Pu 239 j_o j_j j_Lj j-dau ^ J>j> c JL^vw<)d I j-^ U 238 j_o 1 j j_J 1 
o*>LpUjJ £j_v 2 _>Jl lj _Lp oj^li c5j->-' Ui_^a (Actinides) ljjyyS\ 
t <L4_l_*«a ojU (_£3 J^LdJ wa L. s/P-7 Ia5\_A ^IAjLjA> 4 <jj *l£JJ- 1 J Lla.Au i 
.5j>j y^~~*s>- yo yS\j yjyS\ 3j3jJl jiljJ (Jj 4 AjAxj 3A^_j L)l 
c^-JLoJl ^2? Lal?>- dLJ jJl^J I 31^1 dsLs^^Lj tA_U_<*_*Jl oA_a 

ajj LLlAu 1 3 I j-oJ 1 a_^_S* ^y l£^Jh 

^IwUxJLwol ^3 j~S £-y jj ^a yj>-j .ioL> I A3 UaJ I J-J jlJ OjiljLoJl 

1000 Jj5 JS^ ^ jdJ ji Jj iib>A Ojdd c_3 y~» AjJ jJI A3 LlaJ 1 

.^*>ljJl ya j^S^s J A^alwCL^'dl C_i2j jXJ (^^d-J 0 1 ^^^<>-<>2 1 ya I C ^ Lp 

‘L-S L$” ^-daJ E d jdo t^_3 j_^o j3 L^g-^J 1 od_A t A_> L^jJ 1 ^y 

(J Ldo I ( Jwv2j>o l)1 yo jj 1 (J dL>- (Jj^d C lA^j jJaJ I 

y\-^jj (j-U^a jJ^ 2 ^S O^J-PxJAiJl A3liaJl A_^ ( JddAo A^adfl j_L? 

. A^s | I A3 UaiJ 


yo (Jdd LdJ 1 <\JL^JL>- J_A Ajj jJ| oLLz^Jl L) La I (j) 

L)1 j.da,>- AJL) .oLi2_>c_^Jl od_A ^dd_Aw<>Jj Ua l_P 
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^3 -LjJwJo j L< jw&^>LS* (_£3l c Aj j jjJ 1 oUaj>c_x>Jl (J *!>L>- 

jl (dwj>- olJAg)) doL>o o3Lp <up ^o<j (_£jJlj c5jj^^ 4_— IaJ 1 

JilA>*Ji Adjli JaAg ^ (SjJ- 3 (J^ Las l£ 1 dj 1 ( JjL~o L)l-tAg 

4 JflAg AwO»wO»»^AJ 1 3^.Jj>cJ I La>J I 4_---Lg 0^1 J>- A^“^3 ^J-P 

^i_P J^Ia>cJJ A) jJJa^oJ I A-«yJ jJ 1 1 U_P Jj>~l L-s/A 1 ^J_jJj 03l_P 

^JuLa ^^j)) A_Ia>c_>5 ^3 1979 l_P O^ l_>- cJji ( Jwv2j>- . jj£^~-a 

J_g aJiJl_^__<JI (.(Three Mile Island plant) «JlJ*>LjT 
LJIaL^j ^3 (Metropolitan Edison) jj_~o3 1 

4 J 3 L>cJ 1 od_A ^_g . (Merilo, 1980) <a_S* ^.^ a^l o J^_>cJL^J I oLj^ jJl ^3 

(JUapI aL~vJ_~o 4j wLwIa a! L>- <e>c>eb ^pLa>JI i^. IaJ -Xj-LJo j ^J-va>- 

oJ15 • A^-*>> E»a ^^»P Aj ! ^x_/ a 4 L^-^wJ Aj^^j L) A^dLo ISLa 

( J^a (_£_LJaj ^■^■^..■>,^>■7 C->l3 ** Jj *^\j I ^J_> La ^y)) Qjjy>- Au It) I 0 J>>- jJ 1 

(J Lp Ja*_n^ j3 e-La (PWR) 1 ?-L>Jl ^J*p Iao ^jj 

L^_LajJ 4 0jl jJ>sJ I a) I ( Jwpl_A>Jl ^Jl3 j_-_P 0 J-J J-O-J ^*JL> J I 3 yy^S 

J \ cojl j_>«-Jl oY>L~Jl ^j_a A_1 _^vJw^ ^_g j_j Lj 3j_wfl 

jJj^>J| ojl3^[ (— 3 jiJa^J 1 jU«Jl ^bo^[ Aa jj>tiww<iJ 1 «ajjU^JI 

*LJ| Ot>L^l_Aa ^3 Aj j_j IjJ I j aJ j ^ I ol3j_-_oJi ^wO- l)| I 

|tJuj . AoLp oLw« ^A 4 Jg j^-yg.-oJ 1 e-LoJl ^P L<La 4 4_A-A>sJ 1 

^ tjJJdjj c Lo jAj jL 150 JJ-P j ^ 1 3 j-yd 1 ^J-P AJagL>w<>Jl 

L 0 J -0 4 Jawwoj J 3j_w<>_S” A_llI_P li -ia_g L>*_) J ^LJI |J-A ^l_x_j 

1 J L>eJ (_5^ (J^ ^ JAi_s^3 wU-P ^ JJ It] 1 3 1 ^^Lp Ala3 L>s^>J 1 

3 I ( ^a 1 (jlJAg t^\ iJljA (J IS” ^3^ Oj l3^[ L»*» ljw« 

^1 e53jj cJ j_~* dUi jU cJ-pLaJI J^dJ JM>- (j jj li! I jl J}Sf I 

Ojj j+J?l Li ^pJjlwJ La 4 ^P IaoJ I (w^Lg J^a o j 1 ^>»J 1 aJIj| aJj li ^AA>o 

jt-wal-AJ ( Jwo-Jd .Aj ^-^3>e JLa A_P ^J^P La>J I 4— A3 jJ 

Ld Lowo-v? ^jjd-U 1 1 ^UajJ (J La *)Ll oJJL*-a A^3 1 J^a 0 ^)LpLa>J1 

.3>i! ^^aLxl (1)1 JAg ^1 (J L>- ^g ^J^P IaoJJ ^SLoLajjjl 4-A3 JJ 
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JLo_pI 


r 


1 1 979 28 




k -jIj-JlSI I ^Jl) o.A>-j ^Lp 4_j-Jj^Jl aj l ■ ./? I ' 


ijlS” .4_la^_^Jl ^3 4_o Ij 4-o I 


^jS Coj cLUJ-jj l I 


J iU-Jl aJ1j| <JjL>s_J Jg j-x.+/?.<o J ' ^J^JL~o aJ L^.yg-1 1 ^J^oLp 

£'J-^“j-ll L-T^ *L<Jl jL*J>-} (*-* 4 4 IJJ 3 Ajsx-^JL) j *Lo 4 _^j_-_>I 

A_>Lg_j ^3 ^Jj>-_L 11 4 4, o 1 ^/2J>t3 ^L<w? 4_4_L>- 1 j-^ J 1 ^ Lk.ll 1 

4. ^ L-0 l_/>._«./? ^ klj 1 I L-_^_l c^'j^' <Ji 

^_Ss_>c_) d*> L-_L<>_p c!^_1_v2j>- c ^ I I UajwU cij ^J jlI 1 I2_& 4_ *.«■»»» ) . o A jwLp 

1-L^J ^J_p LLoJ I l)Lol ^ Uslj ^Jl <_£3l Lo t LgJ JaJa j-^p o_Lp 

a_LwJ_^o o jjt .LSCjLo^Jj! ^JwP LL>J I c_iLfljL> 

jJ-v2-< ^j_~o 111 ClwOwOws^ ^ll 1 ^£j!jJaJl aJ L>- ^3 e-LoJlj 3jJlJl oUwi« 

^JlP LioJ 1 4_*l3 ojl ^>~ Aj>-j 3 ^lp Aja3L>*^>JJ ojl aJ 1 j)l 
Aj jj 111 I ^yi jZ£S aJL>sJ| ojjfc ^g_l)j 4 o3Lp .<U^wJaJl 3jwl>cJl 

^Lkj Aja.^1 JJ L^CjLojjjI Lg_> Lo^>tl 0 4 aJs^>s_*> 2J ^lS* 4_A3^1 i 4^VI 

®i2^LpVI® oLoUw^ j^o aLv^Ls^o 4 aJL>JI oj-A ^3j . ( Jp , LL>Ji <1) Lo I 

oLwfl 1 A_o LS2o| J^o iiLlA ( ^_^_> |t-l ^JLllLjj 4 ^LoJ1&I 1)j3 aJLL*«o 
jlJii .^Jjlill 3^Jl ^ LikJ ^1 £$J I jJaJl A.SU- ^ 3j^Jl 

3j_-_o_ll j^3 ojljj>*Jl aJ 1 aJL ^ 1? ijljjfc ^-1 t^_i jJaJ 1 wllP 

^ J^-^° ^^1} Aia_i_s^3 3 ^1 111 L j 4 3 1-^Jj Ajj 1 A^>- j3 t ^1 J V 1 

^3 Lo. J 1 4 4 < 2_*-.0 *>V_1 .(jLa'yi j» Lo^? 4_^_--~J 

^■Ja-x>3 l)1w\_A 3 c5^1 Lo 4 V I 3 j_^J 1 ^y2JL>zj 1 LowllP 13 wLpx«o 

JaJt-ygJ 1 4 l)L_L*JLj lJu 3 1 lj_A <1)1 Lo-J 4 41^^15” .JjS\ 3 1 

JS\ U j\ 13 jy> i]llA <jl U2j>tJlj <JjwLa1xj aJ^j>c_4jJ1 ^JJL)Lo *^\-P L>- 4 LJLp 
LjJj 1jJj>-JJo 1)1 ^\ ^_^_*_33 j*o^l .o3Lp ^jjotl L j-A Lo-o A Hall 1 ^3 

4 JJJ 3 (,5^1j 4 LSLjU jjj! l^b Ji 1)15' (_^^Jl l^jl jJaJl 3 j^o 1) L j3>- ^/2^A>uil 

4_^J-aJ 'y>- jL^_v2_j! (^1)Lp^/ 1 ^3 JaJwaJ 1 o 3L*-1^1 ^ Low*/? ^-o 

jtJ 4-laj>cJl I ^j*~s>z . J ®3 j^_o — 1)!^La3)) 4l33L>- ^3 ( J ta P 1 
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Jj t jLI J->L» J 

< *_> j-Aj J j-?>~j t®jL>L JJLaJI)) 


C-Ol 


uji 4j>c_jo j jj jU (i)ij-A3 

Cy Jjp- SXOp 




P\ .^LwojfL dJUl J*^>J I JpLLo ^wwaLv^J jl_ c < 'j>c_jll]| ^3 

j Lo-»JJ ( ^JJ*_JL<J I v o jJJ jJ Jj l I^jLL_^ ^Jl 1 U Lo I 

. ^SLoLo jj j V 1 <_i3_3 j_J 1 oUljJ>-| <J jL>- jLojf 1 4-^Ja.j I i_i23 jj ^wLP 

<ujaj *y 1 i i ^ I ^ *«L 1 I I *"L ^ ^ I ^ I 

jl t^jLalSwJl JJLJ I Loj bwol ( J-xj>o j I /JJj OwbJ^oJl A^a>-U_^J 1 
. Leo L>-g-JS* .j^J <olp t (_£ JjJ I ^JJLj I Ua>- 

^Lp Jv2j>- c o j jJa_>- ^JiSSl cLoL>Jl J-&J c^jLJI Lol 

c LJI Jjl J (Kiev) ^ J t (Chernobyl) Ju jJ jJJ J 1986 

J JpLUI jl5 .jLJ^Jl ^1 ^ 1^ LiL- cJlS ^1 
ajJJ c p Lo ^j-> (j-* LL« j-^j t (RBMK) jr 4 ^- j 

^Jp LLa ^-. -...<>.■ ■>/?■" ^3 L>-S* * LJ I J^_P J/2 jS- Ja_ww» J d^-3 I ^_xJ I ^ JjxJL^vU 
^jjJl lJ-Aj .(^ J_>- I ^j3 ^wL>cJL-^wgJ I (BWR) *LgJl 

<-2j jiaJ I J*>^>- jilws ^P J*-Lo Jl jJ*-J ^-w<w^Jl 

^3 ^Sj AjjJaj J^P J j+j2JL& Ja— jJ 1 AjL-Lj j) ^LwJ>- c I 

o ® ->1^ >c^<>J I I ^ ^ I *■ LJ I Cy 3 ^ I (_J^ l*JJ I 

<ul_Lw« j*s> t Jp LJ<J I ^3 S Lwo jUcJl j_J jj t((o_L>-lj 

J-^ -LLJ>Jl aJ ^_l> ^JJl (PWR) JajJw2-<Jl ?-LJl J^LLo j>UaJ 
ojl^>Jl JuJ»*-jj t j I 3 j^S ( JLwo j J? ^3 L>jI^ JaJwJ I Ip 

J Lwa> . w Jj %l J Ls ^ ^7® Ja^>c^a Lj I j Ui* c (_£ jj L ^ J) 

jl (BWR) e-LJl Jp LJ o ^w<>^2J ^>s aJw<)JL>c^ 3 L^o I 

iJljl JLSL.I jJUj jl c-JLill J ^U)ll jU-Jl jiLjJ 

^J_i_>3 p Lo Jp LJa ^3 .jL>r_Jl ^j_>s ^-j->- 3jS>-j Uw^j 5jl jJ>J I 

^3 f-LLJl jLu ^ J J • ^ a ^ wu jJ ^LJl J<>-?c-wso ^J-Jj 2 j 

J*Z ^Jj. J° <■ Ja_ww» J-S* ^Ljl A_Jp li ^yO Lv2_)l ^jjLJL>tLj I 
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JLJL \j>y 
J53JI Jil yj M 


Jl ojjJj ^3 LlJ^j I £0 ULsl^Lo ^J_aU 


. (RBMK) 


r~ 


l5» 


■o^j -y£~^ Ji 

j) dlJJJjj t ^Jp LLd I Ig.o. «j j 4_jp li ^3 ^^2__^>o jUcJJ ^sLobM 

.j-a 4_jLo_>-bM Ja_- «j jJ 1 Oj JJLa j 4_j J_» 1 0 j JJLoJ 1 ^3 l ^OL»JL>zJ (_£ I 

(RBMK) wLoJLxj . j_P J^*_ 2 o ^Jj jl J<d 3 >t^J I 


0 L J jz\] <w? La 3 1 J*a j jLo 1 t ^_SL>dJ I j L w23 J^a <L^-L-o ^Jp 

.^JpLLdl I ^JLo> I ^Jp < *^23 L>^<>J 1^ I ^Jp L id L I ^Jpj ^y 3 

IJj^j. J! oJl5 1986 flp Jj/jL~J 26 Jl 25 ^ S^dJl J*>U 

1 j La S I O I j Ll>- 1 <LLsd-s» (J jL>- Jo-Xj (J I Jj ^ t J jj ^jd 4»*j I I 

J^a 3Jp l_£_*3 La jj-dOwa (J LS* cjwJ>- C 4_> jj>e_~d I ^Jj jP J-J ( J^LjLj 

dL>d Ajj_-_lJl e-La J J_v2«a jLSj t^-5d>c_dl jLs_»j2_d 


12 J I 3 J_*j I 


^p ^Jp LLd I ^c I jj d Lo>- I o2-& j->- 1 d jL>- jsS* \£j I j)-LJ I 

Ijjlj L>-Ld) JoLddl ^3 J<>_*Jl 0jj3 C~ww0 J j_w_S” JSdo jJ2S-+~-a 

^»l j_oj ^d-d I jjLJJ (,5-ilj .^JlaJI jjLJj Jl did Loj^a t jL>*dJ 

jljjj>j| <_£3 *Lj <~ j Lp jj t^i3ljAJl Ja^ojJl ^3 jLJl 

> 

ddjj I ^L*dbM LJ Ip 4 j >- j 2 jj ta jjIjIp 23 L*_o I t43w>»~jl 

.oJjLwdl ^LJ I 4-la.^o I jj ^JL*Jl d jj>- 


jL>cjL'y i 


L»a 


30 Jl^p- jlJds J 


bu 


^-o-^dl <— jl t Jjjj j_2J ^3 jl ^jJl jy jJ I j JpLLJI 
Ol jUl ^jP 0 Jj Jp <J3 L»Ij 3 P l^>") jJl (Jpj .j-U^ J^j o j2o L-a 

j L ^*j?lj Jj^ 3jJ>-j t J jj j-Jj >233L>tJ Jjaj[| 4_LJaJl <Lw>r..>^gJ I 


b/ 


<U I j JwO c J 


L^bM 


Lr* 


5JLS I 


dj 1 _p^j>- I j_JLLj ^Ul 


Lr" 


j'y^i 


^3 I jjj-SLj jl ^j_> JJ I L> L>r->^g.l I 3J_P (J jJ>- 23 L_A Jj>-j_j 

<Lwo_LxJ I | <j Jp I ^jJjj ^Jj>c_La ijldA .4 jjL5sJL I j jj Lj J-3 4j LgjJ I 

J t 2000 ^ Ip (_£ j jJ I I jj I j_o Lj ^Jp SJj>cJJoJI j\J 

(UNSCEAR, J jj j-jJ 03 L>d J«a 'y I djjJaJl olj-oLJl ^Jp I 

! 43 Loj->- ^jjaijLOvj (^jJlj 1 2000) 
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2J I J-& <1)1 y-* ^r-£' jJl ^J_P 4_j 1 wL^LJl C_-3 >c_> cl J— 

o3L*jl~ 3 JL>_p j ^gj 1 j-lg-J 1 <J Lo_p j c <J Li_Jg V US' 

Li^^Jl ol^JLJl ^j-a o j jAsu>- <LlL>- ^3 ^*_A 

uAJ' Ji ^ll>o *y <ji5wJi 3 -lp ^0 i <LwJ-p *y i <j|j c L 

*Jj> 3 1 <l)j .,}-> jj j-JLj d*oL>cJ o j. Jaj>cJ l <Lw>c^aJ l t, .31 jj<J 1 ^j>s <-3 jj>- ^3 

^.3 L ^•v-o— i 1 *wJJj ^ ^ .1 1 4j j L— *2 ^3—P 1— 1 <3 L^^— .q 3 i — L ) 15“ j^>3vJ 1 

4-3-LlJL-*wgJ 1 oLs^j-*-l3l <l)lj t Lg_La <lL33 CjIj-o-i ^Lp 1 jl c ^LwX-s-JaJ 1 

JjjJ A_*_slwoJ 1 3lj-oJl <_gjJ 1 <J ^L^e-g-^ I £3 

j jJa-LoJ 1 4 -j>- Li j3LS t ^J-> jj j_LLJ L>- a_Ll^q 1 j_j o L_>J 1 LjJ-l2_*j 

o j-^2- 1 >3 L-A c ^j_p»s_L<>_1 1 1-La dJ Lj? j_>&3 ^J-P 3 LqLLP ^ L j i ^_P L*— 1 

^iJl ^1 j-3 V 1 ^Ja-*-a 4^>c_s^ ( J ta -w2jLw»wO A_w-vjJLj l_P A_oL>s_j1 

.3 j^*J <1)1 ( j 3?J _/LoJ 1 

vjJL i— oJ Lp ^-L/ 5 .j^-u i **— -o l> 3 i ij-^j oi cii— a* *y 

. JaJi3 ^^Lij— 3l 3 L>o*^\J Jj ^c5jj^l ^p Ls^aJ 1 ^Ua.A.1 1 ^J-gj>cjs 
jA j-lg-7 ^JLsl ^JL oJ 1 jJ^L>*-oJl o3-L>c3 ^L*jj ^Jl (_g3l dUJlS 

j_-_S*l <l)Lol 0 I 3 4-ww). +/? 7 jLSol ^ljJ i_> L^jJ 1 ^3j t <jj jjJ 1 <3 Q 2 J 1 

(_gl <JLj>c_Jl j_a Lo_S*j . ^JL*Jl J-5* ^3 oLo'yi j_ol_J33 JjJ_*_jj 

<l)j U*J| ^3j t LgJ-o .j/^LLo 'y dol jp- ijlLA <Jj^j c_3 ys» 1 L>» jJ 

S 1 > ^ 

4i_x>Jj>c^J 1 -Ll jiJlj 4jjLlJ ^-SC>o <1)1 <^3>o 4 jj jJI 4iUaJl jjjJaJ jl? L>c 3 
<1) j3 ^j-o j <J yA-*-* j*-+. nJ f-L j-Lv2-o-j 3j JJo LoJJ-P 4 j j«JL-_U 


.4L3-\Jl CjIjLp -LJ 


^ 1 1 ^ >, ^“ 
O LoJaLo ^3 1 LgJ-iL jl 

lljl *y 1 1 a_a 


•L^ J 


L-.J <-Lws j>- t(_gjjjJl jL^o'yi <JLoJL>-1 <l)j 
. 4 jj jj 4j>cJ— ol jJalJ f- IJ lP 4 J L>- ^3 jljJu ( J^3 

^JwoL^jJl L,^.) 1 ^L)L>t_) ljJ_xj>c_) C 4_o 


La 


'Jl 


^j_o (3-^ LL33 Ly2J>c3 ol-L)-LgjJ 1 0 J_A 


>-L-Lj 


ojJj^>Jl *\-) j^£}\ Jj1j3j 4j j jjJ 1 3lj^>JJ ^jw<LL>c^>J 1 L>cJ 1 3 L>»xJL-a< 'y 1 
( j^P -L-xj jA 'y 1 ^ <jl 3 j-L <1)1 ^Jl ^Llp-o j . Lj 


3 l j-oJl < 1)1 J ®o jJa-^ 
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Jj>- V 0 jil j-La <J jio' o <1) j^o l) i I ^yi 1 4_> j jjJ 1 

43 Lk_LJ ^x>-LvvJl ^ IwL>cJl^*i ' y 1 (J L>- ^3 cc-iLS” ^L>LL La 

43 jLa Lp LojL c_i j_^o 4 jI 1 J^a jJ_o . ^ ^>1 4j j jjJ 1 

^_ 1 _P L^-j^IjJ ^^ 3 ? jkJ -kjl_~o j_S” Le>- jJ jJ-SL ^1 ^|Je>*JL~L ^3 v — uP jJ 
^ ^ i c 3 ^^ l ^_i_p Ja_j l» ^_ i i o^i-A d -<— > ls” ?• \ ^ t ^_>- *y I 

<J j-e? jJ 1 L-LL <»_L»klj i ^ j jj ^*>lj ^wv^Jj .Ajjjj 3 l j-a jl i 4 _o Lwo-^S” 

^aj C o JJL*_a ^Lv2j olj^j>o *^ww2^tlll ^3 Lp ^ j_o Ij^j 

4 *u d-> Lp ^^_> c^o 4 k-<^ I ^^J>- <Zj LjJlL I OwLa ^i_P <J y*jp .> cJ I ^ 3 1 

CjLLLJI ^Lp (J j-*,<g.>cJ 1 4j I . LkL ^lp oji Ip Oj jJala 

j_wvJ 1 j 3 l-»,rfg-a ^j-a La | t ^Jb^a)L~w<>J I ^3 ^/ 2 _x_> JJ-P 4_>J j-J I 


Oj j_k 1 4-0 L*woJ 1 <Jj_\Jl 

3 l I o^La 


era 0^. 


>> L^a 


^ ? kJ Li 


C * 13 




^j^o-i 4 jI i ( J^aj .ojkS* 4 j j jj 0 ji La^vwa 


_)L>e_dj! LL_*3 (_£3jjJ ^4 jj_L>J| 4_Ljj2Jl 


4 k_JL j o^La 


Ul& 


tup! 


L-L-Le 


w La 

Lg-^ J <• (_SjJ-> 


( JJLa ^jLj L) j-SL L)1 .l)LSLwLL 4_L&1 4_l_k-La ^3 L^P L*_Ji 

^ LwL-^Jl LJLp olj Lp cL^Lx-oI ^jjn 4j>oLJ 1 LJ-LJ 4_g_)LLa ^ jj>c_gJ I 

Jaa3 i^LJaliJ C Lx 3 ^La y>-\ LoL&jj 1 Jj J_^J La l 0 J y+/P >z~a ^k Lwa 

^l_>o cj 'y l>_i>- *y 1 0 j_a jws^? l»Uj>jj j .l^^o i A.^.a.>zs^ s 
<lJj 3 o'y^ j LjJjJ 4_>- L>- ijLjii j (. ^j-La-Aj o j-^L <1)1 L>jL 
0 U-s^.l ^JjjJl L) j L* jJ 1 ^3 3 L 3 jl j t4_LjjJl LijJJ 1 a_ 3 Lk_J \ LJ LS” j_S* 
Le>- jJ jjLLJ 1 <j| c^>o c 4 j j jjJ 1 oLLLJl ^ij^ 5 JiL Lv2j jj>cJ 1 L3l^Ll 

J^-l ^ X_5T^ ^-JlSLU oXs-ia 

,^ji 


oLLUl -La'yi j_kJ 1 ^pAj>zJl} 1 jl/j 1 jl 

oJuJ_P tl) 1_LL ^^Jw- 3 J^a 4_x^a ^a L*_L 1 J_3 Lp J-v^ J 1 j La Lj jjJ 1 

L j_Lk^J 1 ^5 j jjJ 1 3 j3 jJJ 4_L_LL 1 <Lw<jLL! e^»j . 4jj jj oLk>c*a ^JwwLjJo 

4j>iJ LJ 1 oLLLJl <l)li tLoLj-^^Jl 43LkJi oLwo-S* J-J jL 
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L (La 1 3 j_3 ^ I A^qS l)} t ^>\JLa . lwL>- o L*/?-) i 

30 — 25 I j-iJL ‘U-wo o_l<>J 4_o L i , l?lj 1000 


4_j j L>cjJ I Ajj jjJ 1 <lJ Li2_>t_^J I yo <L>o IjJ 1 O L> LjjJ I 3 I y> O j . yb 

yJ L o JJ-P j . I Jjk LwOj_> ^ <L~«j2 j ^3 ^3 L^_LjJj>o ^Jo 

J*>1_>- S^Lp ojJjJL (^jjJ J^pLii o^LpI 

o *>L p LLo a] L>- Lo-S” a!sj>z^}\ ( Jwo-xJ L>J li? yS**~js j\ 

^y l ^ \,>y>zjj ci!3-^JLvvw<iJ I y^ y^ 1 3 y I y^ Ll_P ^ (CANDLJ) 

l»Pj3 e-LoJi j3j_> • j-~~> 4j>~ L_~o y2y>c . J L^jLJLo e-LoJl ^j-^s e-LpJ 

^JLJ <jl y£-Q*J Ojl jJ3- ^1 ^Jljlj l_v2_> I ^w\j>c_)J C ^Lx_Jo^y 1 L_*_b 

^ I |3_A L) I ^_P 1 ^J-P . 4^3 wi-PxJL^vwOsJ I 3 ^3 I y^ l-LP o^\J y~° 

(J *}L>- Lo ^JLj AjsxJLLoJ 1 CJ L> LdjJ I ^woJ>- * I jJL>- ^ <-3 LS” j-A 1 y* 

3l_>oj <~j 1 oli c Ajj jjJ 1 a!2s>z^] 1 yo <Ll^> y^^j>- ^\y>- 

5S > *“ £ 

CJ L) LLJ 1 3 1 y> 03 Lp . O L> LaaJ I yo ys\s>zZ\}> Aj* yy$ J^S I ( J^5w> 

. J Lp y y^+j* ^ I Jg-w» y^ y 3 ^ ^ys-A^z^a y y~^ vw4 **— 3 L> LaAS” 4j^ 1 


y* j~£ JU^ (_ 5 ^ J-^L^LoJl yjyS\ 3jijJl yys>y 

oU^UjJI 4_^3 y2JiS>zSS j-0-£” *^3 L,^-) L) t <Lx_sL>iJ I 3lj-x>Jl 

cni^J 4 I ^*/2j ^j>o I ^O (^] J V 1 Ul yL+~~A ^ 

3j3jJl 4 j>cJ o3Lp| Lo-S” co'yUJl ^3 

Jj lPu 239 ^yjL]\S ULUJI 53LJI 

^ I 3 j_3 I yo 4_L<>J 1 ^3 3 ^j}\y>- J 2 JL 3 i^ljjii 4 JL>cJ| oj_A 
L yj2-*j c <^_p Lx_Jo j LL>.^) I O LiL>c^3 ^Lp 4j (J Lp (_£ jJLv^a Cj Ij \JcS 
oLLaxJI y>z~ J ^ j! ^Ju aJL>cJI oJ-A . 1 Jj>- 4_L ji^> j^>_p ^_iLv2jl 0 I 3 

J-& LJl j t JLp y yL~~4 oli ILL c5 J-p 

^ yiJ oJ 1 CjLSL 3-^> L>~ j (^i *—3 L.s,<gj 4^-L»3? 3 1 ^>3 

oJJi3lj>- 4^SxJ >- yd I <lJ L) IaJ 1 oj_A £c. «.*,£>.'> jj J-XJ .<u3_v^ L>- J 03 L 3 

j' <• J^-l ^Ae- ^ (^SLfrJl ^ir^y J^-' 

l ciLL^-X^^J I 3 j3 jJJ 4j>xJl^oJl o3Lp| ^Jo l3| .wLo'^l L^J ^y>zj 
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4_> j jjJ 1 oLLLJl <J L>- U5 
_>4 £_a ^J^a L*jJ I XjXLP C ^\jLa C IX-Sj 

ij c (J Lp ^ jJLw^wo cj b oLLLb 

® jX L-oJ 1 I )) J Lj >0 k_ 3 ^*J 


oX>cXj I oL'y jJ 1 ^3 4_) J L>tjJ 1 Ajj jjJ 1 CJ L LU 1 ^>J>- 

a^Jl ^L^ri ^ ^ JJJL 1 P 

L* <_^ X 3 1 J Lp ^ vw^ 

. , > ♦ , t . i. 


J_>X*J I ^1 jl3 1 c 1 (_£Xa ^_Lpj 

cj l>- i ^3 *y i oj»& . ajj jiS i olllji wLo'yi ^jjjJaJi 

C^>o ^^>*J I j l <Ul**ow*J I O Ua— >c-oJ I ^3 Lg_x-*/2 jj O L UJ I l ^y* 1 

*-j <bj c L-^-jJj-a->- ® obLi ^ 

^jjl j_vsJ I ^IwL^jl^L x_*_Jl g- LsiuaJ 1 ^Jl cj Lj LJjJ 1 ol_>jL>- ( Jw-p- 
jXo tO^i C5^ J> ' LgjJjj LJ L>- o3 jj>- j_xJ 1 A_o Lb-J 1 obS^JJlj 

<Lo l_v 2 jL 3 1 j_LS*Ij UL>I j_L ^1 a_a_j (J jj>- jj j_j ^JjxJl ^LLttl < 1)1 
Cj L Li-J ( jj Jj>sjJ 1 4 JL> <J j_$nj ^_3 j_~a ^J 1 J C Cj Ij LLJ 1 

o <Zj La-J^ ^3 J ^ 1 CX>&j Ij 2 _«-.<>_P J LxJ I ^ ^JL-vwoJ I 
ol^l J5 ojJ_p 1 . 4_^>c_bJ 1 oLs-w*>jjJl jl aj js>r.^ J 1 o *!>Ls5wjJ LS” 
Cj b 4_>J jjJ 1 oLLUl ^j_^j ,y 2 _L>*jJl ^Jj>-I LJaJa->- |jjJ_X3j oX>eJL<>Jl 
jjil j 200 1 ^ Lp ^3 <uj>- jJ I o L a. JgJ 1 ^3 ^UJl ^ jjL^vwoJ 1 

oLLiJl ^y> ^2\J>xi \ J c^>o oLJL^o g-Lxj ^^L^ (^wLiLxaJI oL^J 

0j& ^.ij- (Eurajoki) ^ 

(World Nuclear Association, iiii^Jl oUliJl 2500 

k_i j-w»» ^i] 1 ^JL*Jl ^ ji-wwwoJ 1 0 I 3 oLjIaxJI I ojjk .2005) 

40 S (J *^L>- <iLo L*J 1 <>oj 'y I Aj jjwljjjJ I cj *^Ip LL>J 1 <ia_^ I jj L^j>- Lo 1 ^jo 

0 ^ ^ < 1 j Lp 3 I oSa L) ‘>—3 j^j . 


oLLajJI oLpjIwj oJ LxJL^. 1 J^JN-o_j 


- 1^7 1 3 C 


500 


jlSU 
LJJ 


. L) jS' jfi 
/aJj J 


dUi 


JJI 




J_^_! 


'M 

t l-L>- 4_ A^_33 O 1 g- Ly2-AJLw» V LJ L>- 
Ji j .2020 ^ Lp J L>- ^3 J j^nj Jl ^3^1<Ji C Aj j> T.A,<gJ 1 

L^_Uw? coLLaJI ojJJ^Jl x« V I LL j-LJ 1 4 jJ 5 J| XJ 
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a5_15 ajc^J 1 ^3 10 jj>^j coLjll^JI JJ_JL5jj oLlbJl 

43 1 la 1 1 o j 1 j j O j Ej>- 1 c o Jw>cJLoJ I O L> ^ jJ I ^3 . L> j j_j e- b 1 J_J jJ 
AjjjJl obLbwU ^*3 j^s Jjl5 blio ^3 (YllCCa.) 15 ^j Jj>- 

j^a Vl jj-SvJI Jjilj t2002 j»Lp ^3_j .^JL^Jl ^jjLwvwoJl ob 

20 ^Jljj>- J_*j Ajj jj CaLUj jJLwwob 15 jj Jj>- j5j ^Jp 
LgJL J? ^3 1 Jw?l5Jl c <Lwo2_xJ I cjL^IjaJI 

AjlL aJwQ ^3 -L^x-Jl Aj 15b v^wv«j £_3j_oJl Ij-A jbl>-l .oLjiJw^Ji 

*Co 15 ^ c b—^ - ^-) o j£—*~**+.*b ^ I wC^* A3 

/*jl> j-^ .A_L^i 0 j— -La 12 I jj>- wLLa Cw— wc jJ 1 (Tuff) c^wv_P3 

500 Jl 200 Jb^ JbbSfl ^ aI^L. ^ oblbJl a I 


^Jo c_3 • o Lwo2 I ^JL-%*>s ^3 ^JOs 300 I j L ^. lo.»«5 I 

^ bb V I boj ( j_55>_j b^w>^j o_>^ 


tXr^ 

cJ J^~ ,a 


ca L> 155 1 5 j_v? jJ L ^o-wsjJ aj>- j^aa l$5 jJ j I c^b JSLclj L^_<>j^>- j 

JbajJJl ^JL, Xi^jA bJJi lJu bl JL^I JJ ^ 

(J b C L5 j_j J-J>- A_)J jjJ 1 obbbJl oLp3jJL^vwO e-bJbj ^Jb-sJi 

(US 2010 J p aj j j5 1 cj L> L iJ 1 5 L5i~o <J&L>- <j j5o <«J j_~o oL^c^Ji 

. DOE- EIA, 2005) 

£a l*J I 4-23 1 JAJ 4jj jj 1 43 Ual) 4 j 3 U<a3 V I c— J I j?%] 1.7 .8 

^3 L^lwb>ti~oi ^-wo ^5 JjU 5 AjjjjJi A3 U 2 J I ^_5J l5o LJIp 

j_a L j jj pL)j_^5sJJ j-J J I a»<j 355 I ^ l_> ^-g_SbJ \ jj 

aJK j 1 3 J jJ I JJmJl j-& Jj tAJa^oJl a515 

Aj j Lbs Aj j jJ I J U 2 J 1 c_bJ JJJ <aUs LJj A^o IjJu 1 J . L™j 0 

U5 jl Jl ojljJi oLL>tj3 J 4jJ-5_aJ1 ^ j_>c_>tJ 1 1 oUaj>c>s ^0 JSsj 

CJ N L>t_x>J 1 o3wL*JOs bp j-^->c^s J-5 C ^-X. 1 jLiJl J^-^3 ^5 1 
(MIT, 2003 fl_p o^5Jj t (MIT) jl^« 

) 15 a—woIjaJI 0w l_a ^3 a^woj L s^ 'y 1 0 JwP LbJ 1 ^_i3 1 L)| .2003) 

bia_>e_oJ j»lj JiG j^/jj 1300 f LUl <_AJLSJ 
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l (P F) 0 j^> c-la-oJ I I | J^p o _L j _\j>- ^ 

Sjb ob c5jb^ ^j-o j jJ <Ji2j>c^iJ bob j-^b” Jalj j-bb* Jib 500 j 
bjJ JjL^ J*lj JJ Jib j^jb 2000 j c(CCGT) bi^o 

J^^A-Oj) 4_JLg^>-^/| 4oLiibJ I jjJJaJ /*_j . (LWR) c— A^-A->- e-bo J^P bboo 

0,015 ^\js>zj bwowsJLa l^jjj-) ^laj>zji ^y» g- Li j-^A] (bjb-o^j 

> #> 

I jj>o oO>~jJ 3 j3 J I <U2_li Ojjb LoJw-j C bp L*» Jalj j-LSbU Ij^j.} 

.0 j^>ti a>3 J s ^ zj> ~ bkj>t<b <J^>- /j^ j3 2 . 1 

jl_P bkj>C_* ^J) <Lw**jJb 1*1 


. (CCGT) b-5^* 3jb ob 
3.77 c 
b-Lli J .Jj 


/Jjb 3 .77 I Jj>- j\ JZj (J b>e*o jbiJl 4jjJi Ow^^Xsli 


^ c J ^ 

^ o_o ^_j -oy>- ^-*-£->- 6.72 J-pI Jl Jj-^r Lb^ 

Jjoj JwoL*_*j t o 40 J^*oJ < o^Lwol o_lp U ^jjLo» ^^?l ^3 1 
bbb>o>-j 4_bii obbJl oj-A 03I .oll2^>c_^J! £woj>cJ <obl ^3 85 
0.067 1 4jj jb 1 a1zs>z~o33 L» 'y 1 o_lp lb] 1 * b j_g_SbJ oj jJLo 

k>lj JJbJJ Jjp 0.042 oJli Lo cbpL. i>\j JJbU Jjb 


0 . 056 j 0.038 U j c (j j^tla>5 




ba>c*<b <P Lwo 


Jj jJaJ I o JlA c I jJ I • (CCGT) ba_>e-<b bp bo» Ja I j jhLSOJ 

o \3k2j>z~a bljbLbb loLaol oi L l* 4jj jjJ 1 bk_>t_<>J I /^ib 
^■Ja-xoa J_o_xo ISLj ^aAj I J c (CCGT) 4 _jjL*J 1 O lJaj>c_^J I j i^C, jj>cj>cJ 1 
jl jLiJl bo) o! j_oJl ^3 Lj j L>cJ A_j j_Ua_x>J I O Ua_>c_x>J I 

> ** . t. 

aJl \S 0 I 3 t2003 a Ip ^3 o jOj 4_~o I j jJ I ojjk bl Uo j .^j>s_<5Jl 

/jMj 3 12 Jl jL^JVl cjS/l OooLjl ^JaJl JUJI 

oIjLp obU-ol ^o 4 JL 9 1 ^LoJ I <uoJ I c_bJl5bJl o)j t2005 ^3 

0->o Ou-/jI wb jLiJlj ^ jS>zJ>z] I ^x^Jl ^j- 4 0 ^OsjJl 

.JjIj ^^3 Jj 

^0 AjjIaxjJL 4j j jj ^jA *\j J 4j^j JJLl! 1 4jll5sJ 1 (j) 

(CCGT) bjjL P biaj>t^oj (PF) b jj>c-lg-o ^ ^~- >c - 5 < 'J aj>sj3 ^J_S' 

■ Ai g * -o L&w\_p| 1^)3 J^_P l (4 8) G 
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. *\j j^£]\ MIT L>- ^ ^JiLwxLa i (4 — 8 ) 


Massachusetts Institute of Technology (MIT), The Future of Nuclear :jJ *a « 11 

Power: An Interdisciplinary MIT Study. 


^ JU^ ilLi c(CCGT) ^ .(MIT) 

3.77 LJ 3 ^ £j\jij jUJl ^aJ\Sj 

^1_P jLxJl j 1 j I ^-*3 ^3j ^3 <W2 ^uL>J 1 

A_Iaj>s_>j *Lj j-g-^3 1 c_4_JLSv_j |tJ . ^-JLL**J 1 ^wL» 

JA jUJJ JLpVi iiJLSCJl (CCGT) 

(4-8) j_J> Lwo Lo wL^_x^o 4_*»Ij3 ^3 1 

(_£ jjJL>- ^ 1 3 j_£ jJ I Cjliaj>c^ ^>J>- e-L>j_g_S2U 4_^3L*/?^M 4jil5sJ 1 

^ /j^fj3 100 Jj-Jj-S’ A_-_) j_si» j3 

< -J) 1 1 4jLw> j\ t O j-> 1 ^J_P l*i_A ^j-A 

0_\Jj-x>Jl 43 UaJ 1 4Ji3 l_S2« ^j>e_dJ I A3 Li? <U2_1»S* tA^LSCoJl 

jUJl jl*-^l jUJl iiUs ‘ulS’ ^■>3,1 LoJwO L Ajj 1 aI2j>c_oJ I 
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y jh ji\ AiUaJl y. LpLLjI p\ 2005 (.U J 

3 j3 jJ 1 coLJ LSo -LP Ls/2j ^a C Aj LLfl jj j Ld~a I . A>J jJ I Jaj>e>J 1 

A3 lU I J_LJ C AJU3 jJ 1 d I j l_P OUU- 0 I <J y>- -bij^jJi JjijJ 1 J ^jjA^-Vl 

jj <J jj>- 4j jWs.xJ) 1 cj Ij 1 j-HJ 1 L) j t 4 j L^jJ I ^3 . L^<o bo» !j L>- aj j j_J 1 

4j 3 L/?I3 1 ^ jl>c-a ^JJdo (j jSo jJ t A^_wj jj ^»_LP jl Aj j jJ I A3 LU I ^lii 

. L^Ix-Jaj A«»Lv« Lo2j1 j 5J l JaJb AJ3 j 


3jJlxJl (_£Xa ^Lp ^JaJ I j j*w*j J3 Ajj jJ I A3 UaJ L) ^j-aLJl <J j-3 (jj 

<jL5 Aj I J_J I ^3 .^-o^LoJl (j^jJl O ^3 ^jl O 0 1 JJ~a 

ooLLSja j_^P j y^JlSsj j/ J_j Jj>- jJL^-o-S' 1 j_JlS" Ajj j_J 1 AilJaJlj L_>- ^a 
^j| t LJ I J ^jJ I jja oLd*>ddlj cj Lj>o LoJl) I ^3 c Jj_l*j .e-Lj^-SCU 
^Jj dJjo t ® Aj jo jSJ})) J ** Jo jAol ^JoLa (S j-*® 0jjJ->- ^jO 3 L>- V ^3 I j_P 

AjliSj 1 3L>3 jL Ja*J ja ciiJ^ jl5 . (jljJJl |»Jg.JCQ ^3 jP ja ^ jdoa 
Oj-o-LwvwoJi ^ LygjJ 1 oljOcJ Aj>c_JJ 5 j-^JaJ L« LJ l_P ^J 1 |jj>- aJ L*J i 


^Jja ^3 oJ_P Lo 2 _dJ I (jlaVl d La l_d_A 1 


o ^-ijj 'y*0 g-? ^ ■> ^^J 1 


dLd*»~J J*)L>- .j-ajJi 1 Jj^ JjL>- oJjJj>J| dUaj>*^JJ e-LwJlj I 

o Jj Jj>- Ajj jj d Ua_>c_xJ I J_>- aL_L 3 d I J_~_jj iJ b_& (J IS” (J 1 

0 Jj J_>- oU2J>c>^J i j»j <01 ^ r 51 ^' s?* 

^J^TJ ( ^->/?J 15 C AP 1 3 Lv^ 3 ^ 1 jj!? IjJs ^3 j Lo ^Jj 

Ajj jj Alaj>c«a <J j 1 L)l -U-a A^j /^wv*w<>j>bJ 1 5 jJL3 (J*^L>-j . Ij j j5 

1 j-^5 ^ j^3 i]LwA <jl L^3 j J-o aJj 3 (J J 15 LwO ^3 C.-A3 J C 1 wL3 

A3 UaJJ LJ j I ijwW2j3 ^ j-J 1 Ajj j-J 1 A3 U 2 J I do LS" l3^j .AjjjjJl A3 UaU 

^Ij^- (^^ t^JUJL) *Ljj^5sJ| oJjJ AdJl ^3 17 ^jjj^ 

^-5 1 ^ (_5^ ®^J Cy 3 1 (__5^ 

La Ajj jJ 1 A3 UaiJ 1 ^j jJg.ll 1 iJ-A • y>~ 1 *-Jj (_^1 j_A Lo«a 

?-Lo dl-Aj^ ^Ld-A^yi J^a ( JwJ3 jJ-o La ^Lp t 1 jdo J 1 J 

.^j^iJl ^JL*Jl ^Aj La ^Ja^oa ^3 Jwo2J>- (^JJl AjjjjJl oUaj>cJJl 



JJLxJ I <J *fs>- Ajj j_U I 43 UaJ I jj jJa.o JjJ_*JL> La ^3 L*J 1 jljJu 9 
iJl^uJl i^J^Jl ola^SUJl OjLl^I SI M 

4 _~a jUL>cJ 1 4_*_~J ^jU 1 e- L) I <5* (J ^K>- ^ j_> Ajj jjJ 1 43 UaJ 1 

U/ 2 _>l LoJj>-j 43 UaJ I ijr* \ ^ LoJj>- t (EDF) 

*A_J j_U <_£ j j_£ 2 >- ^ 1 3 j3 jJ 1 (J 9 j- 5 * - 4j>&jUJl 4_JLwJl CjI^-oLUI 

J3 4^jsx_o I jJLwo ^ 1 oJ»A La L*J 1 (J j_-jU j_^5sJi (jj .£-Lj_£^J| 

4-Oj_iJl 3*>Ul ^Ja_*-a ^3 .j-aLJl ( Jw*3 o3j J'^-i La JL*j I 
The Radiance of France LJ ji ijpUJt.1 ^j\sS dJJi Ji j 

Ula J* . (Gabrielle Hecht) c^L^a Jwo^jIp 4_<JIp jj 

4jjjjJl 43 UaJ I ^\ <L^jJU ^L>cj^M ^1 j}\ l)I 4_aJj^Jl ^yZJj l » J U$U I 

4^JwJl ^ \ Julp iwUp^l ^S' j_A ^o<_jUl J^i ^y> 

\ jd^S> 0} . 4_J^ I j3j j~S I J jJJl 4 j 3 L>o ^ 4^w>UwUl 4_*P U>JL>- 'y I 

4 -*P L w?J 1 O Ip Ua.lJ 1 ^3 I j_> IS” <U j_^> l Ua V I jljJiJl (_£wijLjLa J^-a 

I ^3 jl c 4jj jjJ 1 43 UaJ 1 oLk>^ ^Loj ^. -<>■■■>, <a.7 1 4 ^pt..>,^>J ' 

U|j t L^j j 3 ^3 <U^>e_U! oU~aL>- OjJ>zjy>- ^_A L 4_J»x^U I 4^a j^U>cJ 1 
4_dJjp3 ^l3Uj j . jJ>«U 1 ^JjLo_> 0 j— >s-*-a ^UJl <La Ip 

( JULjLj 4_j j jjJ I 43 UaJ I (J j _-3 *ljj ^j-vwOjJl I j_A lJ_A <1)1 < •> USU 1 

j\ ^JajJl ( J^3 i^b>- ( J^-U J y3 j»Ap- ^a l j~£ 

l Lwo y 4 J U>cJJ j»UJl j ^JwJLojJi j-A iJj^ olS” U|j jUcJl 

4JJ_^U_>cJ 1 j_) a^UJU 4JwSU C (J l^wvUJ 4_^a ^_P l) I J^SUo-j l-^_3 

43 U 2 JI 4^a> L_^ai 4_<j^oJ| 4jj^o'yi oJ-A ( J ^> 3 4^3 L*J 1 (_^lj l)} 4JjLaJ| 

S>- 4j3Lv23^[1j <UjJ 1 ^JjLwwoJI ^jP 4jUjj>c^a ^J»a 1 j*j 3Jj>c«a LJ Ip jjfc 

. J-^xj 
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^LotJuLu-o ojljj 3 ^ 




(JJfljJl ^UlajLd i^JbeJ - 9 


JJiJI SSU? .1 .9 

Lr* Lr* J^' 

OJjJLIIj ®4_oJj_*Jl)) Joljo 1 ^3 Ll>Ij Cj^S” t A3 UgJ 1 

AjU td-gJlj 1 ^Jjoa tOlSwJl AaJLSGI jljJJl ^3 AP j-**o 

^JJcJl ^LlajlJ 1 *^>sJl J jjjJl lJ»A ^^3 O I I 

^Ua3 ^3 A3 U 2 J I ^Jp I ^-s^Aj l) I ( ^SC>o j . A3 U 2 J I j3 Lo 2 -a ( Jw<jo>e^3 

t^j^ljJl ^JJL> ^LgJl ^JJLxJl ^Lp *> -^-iaJ I ^j-o ^j-vwoj ^J^Sdo I 

. ft ^*J> L,^.J 1 )) j! otal-Lo^Mj ^JJL c_blgJl *2iJ3 ^\j 
( JJjjJ I -L? LoJ I ii Q 2 J I ^_Lp ‘wJJaJJ j->-T LJLl I 1 _v2_j I 

jjJuij *J .^jj>cJl JwaJI j c ^ 1 I 

A-lg-wo 1 j-j ^Jg_oo ^J-Sodj L^oJLp ( JJijJ 1 A3 Li? ^J_P UgJl ^3 e- <_£ Jj>sJlJ 1 

(World ( 1 — 9 ) ( Jb5dJl ^3 (jr^y 0 ld_&j t (WEC) a.^>JL*J1 A 3 U 2 JI a^*_^j>- 


^UaJI j-* JJJ oULJl oJla j^JssJ .Energy Council, 2005) 
( Jwo*j>c_>3 ^0 Lo jJlj AJdJ I ^3 80 2 ]Lla .1995 a Lp Lw^JLp ^*»1jJIj 
AJ dJl ^3 50 ( JwJ-Aj JSI JJLSl ^ L5^ ‘'-"-^Jl 

oL5 j_LJl ^3 ( JJijJ I Jo j Jj ^3 ^JJddo < -LjgJl ( j-o 

c-JikJl JA v 1 ^' J> 20JI ^Jj .aj^UJI 

c _ 5 $L$CJ| j ^ jj>cJ 1 ^JJcJi ^j-o Lo j-Aj (_£jLdJL> ^JJlJ 1 A3 Li? ^Jp 
\aJcS I ^yO Lo jJLi ^Jo2jJ I ^dja3 ^3 ^w\j>cJL^vw<)J I A3 UaJ 1 ^.Jg-^oa ^ lo2JJJo 1 ^Jo 

■^j-sjj J- 2 ^' cr® Jj^'j (>i-r^' <_s-^ 

^JaAll 1 do jJ I j <Jjj_\Jl 3 j3jj t^jj?xJl ( JJcJ 1 ^3 AjLaJI ol yLk!l 
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.1995 - LJIp JjfcJI SU, ^ikll :(l-9) Ji^JI 

Energy for :2000 iiLkJl oLj j-* oUL ^^-Lp : jJua-<JI 

Tomorrow’s World - Acting Now! 

*\j j^S sJ 1 j_g3 tjJJjJ wLj>- jJ I Lai 1 ^3 

ob 1? Lwa ^3 jmJj ^J_Ss_jio c 4 _j j_j j_>cJ 1 1 oLpUs^ ^3 

( ^Loj>-j jl (WEC) Lv2j 1 c^*3 jJ .jLLJi j L> jjji ^JiLa *Lu ISLwo oliliS’ 
I <J^L>- I ^3 55 j-o2u ^JJLJi a_£ Up ^Lp H 2 J I 

.2020 j 1995 ^alp ^ 


^JJLJ I O L^-Jaj ^Jlla Lj JjLJI JajLJi 3 ji j <j| 

aJJL aJ J t 3 j3 jJ i J^a 1 jjjfc 4J23 1 ^LoJ 1 A_J L*J i A3U2JI A3 LtS" 

Lr 4 (J? J-™^ 5 ii AJLI .A^jJj>xJj 

jwL^-o-S' Lo Aj^SLa ^ 1 j (J 1 j_>- ^ 1 ^3 t j jJal! I 

10! jjUaJi ^Jl a_._~*jJ L> Lai . Lg_LS” a_> j^S i oLS” j^>Ji <, ^-^-JLi S jJjj 

tOjjJl OjJJtJi <Ls_^vJ ^yi ^j.S'Lo -a jji j_-_S”i Jj>-1 { j-^ Aj>-L>- ij l a ^ 3 

A_jIj 2 j 0 jj Li? ii jS>z-*S La | i (_£jL*Ji ^Lo jjjJ i i] i <j}j 

O lAwJal] i o iLo j Lwa jjt t ^wOj ^>- J j^a ij y>z^S j \ L 1?^3 


oj_A ^_j . Lg-La 0 i J 


^ i L> 
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AAlJLa 3 ji j jj I I ^J^SvJLj O IS" y>z~ oJ I ^jA A_ 1 j L*J 1 

(ji j-JaJ 1 3 jijj <Jjj-Ul ^ jijj Crtj^ Ji^o ^il jJo Jg.i/J 1 

j_A t ^JaJ b t^JajlUl 3 j 3 jJl ^|jj>eJL~al ^3 A— _LwJ 1 A^j>-LUi l)} .^LaUI 

»«_ 3 ^_~a ^JJl 3 wLpxJL<jJ I ^)w\_v 2 _^sJ I t ^ L>cJ I iaUU 1 ^a Lg_lS" ^JLsXu L^jI 
i^\ ^3-^1 aU^p cfJJ J lS” .^>-'yi j+ -,«/?.$ i)jy>t-A U ajI^JI ^3 Oj^j 

CjIjJ— A j_jj^"j tOjjj-SCJi wL™S"l <Jjlj wL^oLS'y oUU_ol 

AJL 3 _Ul ^ l_P C CO 2 _^Lp J^a 0 j_^-_S CJ Lwo-S aSLs^^/L) t A 3 jJL>c^a 

aJ-<>JL>c_^J 1 oljj_v 2 jJl ,j-aoL*UI ( Jwv 2 _dJl ^3 IlJLs U Lo I LoJUa ..j^wO^Jl 

oL-LaJj o j- 3 j£}\ y>zj>- ^Ij^S-cJL^L) CO 2 jLp cj U L*_o 1 ^a J^>L*jJJ 

oLS Ji <L^vwjJlj Lgji^Jaj ol ^ 3 ?! jJ I 

aLj_L) A 3 Ua j^Ls tZA 3 L>&j^[ C^a-cU I diJUjj .^jj I J^a aS” yxl^S I 

Sj^-SsJl cj L>jk Lwv^J 1 LgJ*}lj>- 1 a^*jJ L> 

.^JJiUl ^Ua 3 ^j >5 AL 3 _Ul oljlp C 3 U L*-o ^ l_b>- 


JajbJl 


3 ji jJ 1 ^^JlP JJlU I ^LkS 3 loJLP I J jJaJ I 


( Jw^-xJ ^L>-!jJ| olS y>z-A j»l 


JL 


Ji 


y ^IpxJj tjJJ3 .A3 UaJ I ^JwO L>cj UloJ C_JA^>e*a ( JwSw> ^\ JaUU 1 ^Lp 

«. *» > 

^U>cJ>-l y LwoJaj AJa>o j^o A_o U j-^S" oljJali ^ 1 Jj>cJL^i 1 _j ^Ss^-wsJ 1 ^JJLU 1 

^S^SwJ 1 ^JJjjJ I ^Ji A-w-%jJ L) Ij-Aj .0 jj j-oJ 1 

A_oL)j_g_S Cj ^ IS" j^_P SjJaLSJl jl^iJLs^L) A 3 UaJ I j-^J p 


^ip . j Lvws^J I J I JaJxJ I V J L A^ula ® All Ij — aSw ® j^P J I t Aj ji-P 

JJ-P A3 LlaJ I ^a 1 J_>- \jlAs-) \jJ..*/2.a j3 jJ A_Aj jJaJ I oJjt <j| ^a ^_PjJl 
3 y 1 ?-lj j i *xJ 1-^i i^Jy~ ^ *y i c_3 

CJIjLp CjLjLx-oI ^/ 2 _*_£_>c_j ^Jl ^ 3 ^_j ^ J 3 jJJ 3 jU c ^ jyJLs>- *)! I 
^^i-P c I 3 J . 4_j J_ j J_> cJ I Ja j_la_>cJl A_j j_^_SsJ Aj>t_3LLS A_L^3 w\J| 
3 j3 J j3 L/2«a j«Jj ( J»SCjLi A^aj^^Ul 4_o L> ^-SsJ 1 A3 UflJ 1 jj t ^Jj jJaJ 1 

0 j-^-J c-3 j_-*> c Aj j jjJ 1 A3 UaJ 1 j\ o3 Jj>cJLx>J I A3 UaJ 1 ^JjLa t Ajjj_A>-I j_^P 
cP^' J^a A^_ 3 jJl oIjLp ^a ^/ 2 Jj>tU I 0 j-Ja Lwa 0 Jj I 3 ii 1 -LA 
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k jJa_>cJ I 


4_J J ^ 5* O-o-J J>- . 4_j J_) J_>C_] 1 -I? j_k_>kl ^_L_P 

43 Li? j^Ls^o O-a JkdO I J C 4_j J_j J_>cJ 1 


^ O' 0 

^>LU *)! JSlx~4 4^-3 jJ I O I J l_P oUl^ol ^y2^0s>zj ^3 O j_~o 

43 Li? ^lJ_>ok ^J-^-px^o Ja^3 4xki ^3 6 ( JkLo ^Skkkl ( JJik I <j ^ 
25 ^Jkkd I <j jk *(1 — 9) ^Jkkkl ^3 y-^ 3 * kk" t^JJikl 

(jpJj d j-wo dJJi jli 1 43 Ik! I ^^Ip ^_kkJl j* kyb <kkl ^ 

.dJjJl oljLk ^Lkl g\*y\ ^ kii 4JUJI ^ 1 .5 J\ 


^-oJL^a kwkjj £_3 jJL) <jl ^jikoj l l-dk k>Lg_*k dLk ^JLo (J l^J ^ 

yj kLk jJ j-y) L^JJ-P j y^2->~ % )!Lj t^^^-^-vkl ^Jjlk I 4_J 


c/ ’ 

4.k *# 

^_j kk-k 1 j^>&o jl j_3 Ls^wo-U I 3 _l*J I ^_Lp dd-xJ ^JwoIj.p 

j_> L- k>_p 4 JL 3 t <L> ^k 1 okS* jkJl ^Jj <ooJkj . o*y 
JwoJLxJ <jl t o Uj>- kk 1 j ol jk~JJ j I k ko L> 1 43 LkJ 1 

j I o L j Lkj ^3 kj_>c_k 1 43 LkJ 1 (_5 -Lp 4j j_v2_>cJ I ko L> j_^_5LJ I oLk jkJl 

<jl |t-P jJ I ^J_Pj • 4_«_S' jkJ I ^-Lp k J_^j>c^a 4_jk*-k Ol j_>-wLo 


ijL^JI 


o k^kJ ^5kk 1 jk.k 1 (J *}L>- 4^0 Lk do IS" k*j\j Ji 
0 ^3 o L jj L k-JJ 4 »/? k >d-o-J 1 ki LkJ 1 k*_~o <jLi tk j_>e_k I ok 
(^1 1 o lS"j->t-oj o3jjkl o Ik jkJ 1 ^0 4 ^-vi Lj j^p Lg_iL*j>- oik ^kJl 

l ^.kJ L) koLj_g^Jl okk^kJl k t ^JL>-b 

dJ yj 4ji3 1 I ^Jk”LO<kJ jklpl lJ 1-L& ^ (J *)k>- 

^ I ^k 1 ^-Lp ^Jw<>-x_) ^k l oj Lk __^k I I c 4d3wk I o k ^k- 

L)k (. J^v 2 _kl |j_A ^3 Lk>- *y ^ k>_S*J .kjkw^kl 4_ka_kkl 

^oldo^yi ^Jj 43 k^ 5 ^ L c 4d3 k I oIjLp okk-oL ookl okLoA^I 

o3j_kl kk>- ^3 j_j L)l t (_£ J V I 3 yJ> j_U d V 1 4_k jk? 

.o> Likak I jzS> ^3 kj L ^-^J 1 o Lk jkJJ 


03 jjs tjukkl (Biofuels) 3jijJ|)) <1)1 

^j02>kl ^ j_^>k 1 3 j3 j ^J| 43k3?^/k J jjLdkl J <J jj kj^/ 1 

oLko^l j_^_Sk 1 kojLkk 4-5 j jk j_A tkJkkl O yj jJ 1 
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yo ^_P j]\ ^i_Pj . 1 5 j3 jJi y * a 4j>oljJl 4JL3 _\J 1 oljl-P 

C 0 yl 1 ^_i_P ^ I ^ ^_9 ^-J 1 ^ ^-J c<r Lo ^ I I 0 wl_A <1) I 

aA^SsJI J^U^S AjllJLa Lg_j ^ CO 2 jlp oLiU-ol L*2_)l ^JbJljJ 

Ajy*S > cJ I 4_Ll5sJ I <J V 4 _oLw»-W (Olp j^SLaJ Lg_L$2Jj C <J j_^>cJ 1 

5y$j ^Lo) Cj L^_4_j <jj . CjLjJI y^ cJ *A_>- CO 2 jLp ciiJugJL^j 

CJ 15 y>^ ^ <J Los^L*>>^)\J bwO ^ j_3 jJ 1 lAjfcj t IwL J>- 43 j J j->e5\J 1 

^1p I cj*A->a^jJI ^/2_x_> p 

l_>c_>3 <J j_j IJLj^M <ol_P v2_j . 3j_3j_JLj 3 j^Jl) 1 ^ Lia_) ^_i_Pj 
S^_^_S* oL-o-S” ^Lo^/ 4_i j_l-l?-x>._] I ^ j'Al aj>- L v^s <l)|j t <-*> I 

0 j-SsJ ^_i j_^*i ^JJijJ I cj LJJajLa J5 cj L>- L>- <uJjJ <. j I (J j_j LL.)/ 1 

c_i j_~- A_Aj jJaJ 1 OwL^_j AiUaJl ^bol 0 1 I ye t ciiJ JJ . iw\j>- 5 y~^ 

Cf-lwLxJl ^Loj ^Jp-I y-' 0 ^-> I jj\yj ^e 0j-J>LwO ,j^3 IjJL) 

^3 i)y£j (jl y^^J (J Uu^M ^bo| (jj C £>LJl ^Jwv^jjJ I ^3 lolj j 
ye 1 t (J j_j IjLwoJ 1 Lo I .<iUaU \ j^sS a^CL^jLvvwo 4 _*_L<>p 4JI3 _\_>- 

<J I L/2J I ^j5vg^ l j-ojJ 1 4*J J^> 4j JJ I ^0 J I l V J Ltj>- V 1 <ZJ \j lij 

yo OwL^J c)| Cj La-wJaJ ^3 ^ j3 j_U L<>-^o Ij^Lv^ 

^ 4ilx5Gl oJlA (1)1 ^ip) Wilis’ ^y>z£}\ 2 ji jJl 

<lJ Lj2JL11wO-J I ^ j_3 j A_3 LlSU 1 JlLLj I y>- Ja_A3 

^3 lwb>- 1 I j*^xj ^wlk^j c_i j^a> 1 L^a I Jj>xjL^o I jlj c (^uiajiJ 1 

^i_P j . ^JajgjJ 1 ^ j3 jJ i Jj>o j LJL>- 4^3 Jj>cJLwvw<>J I ‘LJLPxjJ I 4_JwJ 1 

^J-P O ^A-J wL^jJ I Lv2_jI < JJa-lj (jl ^j-Ss-o-J clJJ^ Jl Jt-P ji\ 


(J <1)1 0*A->^-*jJl OwL^J i] jJ>c_^a 4 -v^4j 

oli ol5^>JJl ^Lo| ^3 4j^_g_^vO L^JU-^I L 4j2_^j2_1? 

^ ji j_j oli jl c^^LxJl (Spark-ignition) ^ ^ ^ jJ 1 

LJL>- L<jw& <J j_j 1jLw<>J 1 j J^-jUl^I ye *A-S” <1)| ^3 

l W <1? 1 )) ^ j3 jJ 1 ^JjjI ^3 y~eJj>zS *~. wfl 


^ 1 1 ^ 1 ) 1 


.^j_3j_Jl ^j_>a OwL^_J 2j-_x_J 1 
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ola olS 


or* (*' 


4^*1 b^o 


A_J jj>c^J 1 


^ ji j <1)1 ( _ 5 1 p t (Compression-Ignition) 

U5 t ( Jww^ L> c>j j Lj^aJ i (J ji ^waj I)! (_£ Jl 


L>^ 

A-JaU-U I 4 _oIj-Lw& ^SUl 3l ^-'O-J 1 (1)L> wlg>-j Uj .£jLw*Jl I ^3 

O I j_Lw*J Lgj>- Uj j ^1_P * UL>^/ l t (1) I j-JaJ I 3 j3 j Ajjj 

A.Ja.<?.J I (JbojJl A^lwa tJaJjJbj A^s^J» *4w^P b_v^ 3 ji J jj I ^yo oJjwLP 

oL-J-Aj ^ I wC-cJL-o Li (_£ jj>cj>cJl 1 C A_Ja.JjJ I j 1 jl 


Ukjj c 

f 1 


JL^Jl oLf^Jl .2 .9 

t_^ ^J^ 1 -! J-^' cM jr* 

! (J y>- j~~> I) L&j ii bwA I) LS” c a_o l*J I c^US” 

^JJl t A3 UaJJ L>e_S* 

3 L .^2-13 ' jj_)j_>3 -(( j ■ ^ 3 L-^2-13 ' )) ^_3 ^j-J>- J _j c_3 J_^ 

£_Ail (_r^ Aj—’ J^AJ jl l y 1 : >-jjd 1r ^\ 

Ibjfc t ^JaJ b> .oli ^JaJl ^J_P Cj US" jUJl ^ol j_P ojU/? Cj U Lx_o 1 ^1 
l)JL*l3 LLo ^3 bJaL>-*y Lo -S” ^j-SU t l ^ >3 ) A_U" 1 ^Jl A-ww%jJl_) 

^j>a |JLp-I j Uj3>- dUS ^JjLo-> t UJ 1 ( J ta v2jJ I ^3 A3 Lk]| jj>o <LLv*2_~U 
J_) J_>cAJ Lj (1)j^J C_3 J—- J .A3 UaJ 1 ^ i Jj>tlLwO 'y aJ^ISvJI 0 J j-ygJ 1 

L jJJ^ (Jj_SC_~oj C LJL>- c-Li^_g_^J 1 j \ ^yj 1 t A_3 Ua ^JwO L>- 


j J-v 2 »J I Ij-A iwb- 1^1 . Aj *)AiJ 1 aJj V I A3 UaJ 1 j^L^o Js>-\ 


Cs* 






JaJl JUJ15 


, j_> ^_S* I 3 j-^j l) j-SCJ ^ jV I 


s^_i y*» ^ j *)! 1 A3 UaJ I j J-v 2 >s ^3 3 jJ>- j-<sJ 1 (jjjj^Ji ^woJ>- (jU C ^ y>zS>x] 1 
<• {£ j~*~ \ i U^»- U ( ^y> ’Cr ^ ^boj aIzAj JCS* CO 2 jb*^” 

A3blaJl C A^J I JJL~o 1 jtS I A3 bl? jJ^2-o ^0 ^-L>- jjwL^Jl ^Lo| 

^Ll>I ^Jg-,1 L) iibLA 1 )j_^j IjfcwLLP C A_j j jjJ I A3 UaJ 1 jl o3wL>cJL<>Jl 
J^JI . A3 UaJ 1 U-wJw^o ^3 (1) iSUa ^| ^3 A^3 jJ I C-JjbiJ 

^J_>- 1 A-3 LlaJ 1 aJw^vUw^ LUa_Ua_a-cJ U>—^j (2 — 9) 
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. 2 ja 4JU2JI : ( 2 - 9 ) 


<1)1 ^la.UaJ-xU 1 jJ 1 1U_& .o*Ap1 aJL jJaJ L 1 Jj>cJUa> 1 

4_ijLo«a t ^0 IwUL-vwoJ 1 A3 UaJ I JlSLil y 2 -Xj j_A j V 1 A3 UaJ 1 

<1)1 j J-v2»J 1 1U& <J^ t^JSUUl ^3 *L>j^5UJ SjJ^oJ 1 ^\j j}\ A3 Uaj 

A3 UaJ 1 jl o3Jax^L<Ul A3 UaJ I yo y>~\ j -L^a 1 jl 4 A«^ji A3 Ua Oj^j 
^JJ> xSL *~ 0 c_3 j_^a ?-L}j^5sJl <1)1 wb>o 4 A3 UaJ 1 aLv^Lx A^jlloj . Aj j jU 1 

4pLoUJ AJa.^ 1 jj ^Lo^/ 

J->“1 J-SLj ^5^1 jl l yJ>-J jJ. « ^ 1 I j 3-* a/ 9 l C_3j_^» 

A_o Li j-^ o3l_^3 <^S y Jl c_3 j_-a j .<L^S” jUJ 1 Jj>sjU 1 

> 

/^a 4_UJaJl JJ.P * Ij j^S\J 1 3 j3j L) *)Aj>- 0 J_>- J ^Jj>t)UvJ tA»a Ij 

^J i y‘ L tiiJi J-*-! Sjy d>j-^ ^1 

.<u5* y] 1 ioLJiJ 4_*SUu ISwU 1 A3 UaJ 1 

y**-) j Lg->- y^ oj Up 3 y ^Jl 4_Ua>- <1)J 4 IwLwUl C3w. j>- 
AjJjj^oJl 4 U> Uo-U\J 1 A3 UaJ 1 <Jjj>o ^jJl |jla- Ja-wwvJ ^jUj-Uj yS A3 Ua 
4_U_>- ^U j3j>- 1 . A_o U j _g_S* A3 Ua ^Jl 0 ^_Jo Ua 4 JJ J-^-J U ^ j3 j y 

j»U j j-^Jl (^jUajj^Jl) ^^LjJl 1 ^J^-3 d^ 1839 Lp 3 j3 jJ 1 

(*-r^-i Jl J-U G»Lp d/3-^^ ^(Sir William Grove) cJ j ^_p 

y jJt>jj>- ^JUULi UU-P ^ 3 <1)^5 j 4 4jL^a- ^Jj>-ljJl 4^1 ^Ia-^1 iJ j^-^ 3 

j_)jJaj yi 4 LoJ 1 <1) j-^J 1 da UjwJL--« ^3 .A_^j>-*)\Jl A3 -wo 120J1 <J*)U>“ 
d^sj-J ( _5^J U,<a-flJ 1 d^-^ 1 L^alJL^JL^l A _*_*_) A_U_<>_P 3 j_3 J U^)U>- 

P 1 wL>cJL^a Lj 4_o Lv2_aJ 1 A-^S” j-UJJ A_o L> 1 A_3 UaJ 1 yO *>Lva 1 jJLa Ij J..+/9.A 
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y> i Jj j_*j L sA) ' ulS” (_£jJl JjLJI ( j^>- j jwL_^J 1 

jJ jjJ 3 j3 j L> jj jJ^Jo o J_P Cj IS” j_Jo O I Jj l j jA J 1 O l~_oc^ 

Cj LS" y>n-A ^_1_P ^Jwo_xJ 1 4j J_2JcJ 1 ^iUaJl Cjliaj>c^3 ^ Jj £• L> ^_g_5\J 1 
Lygj o3J_xJJ3J AjiIjJtjs £-3jjI .iiljjk .jUcJl j \ ^Jj>-|jJl 
^ \ yj>-jj^ U-gJl oj3 J-s^Lj Mj! J^>-xJ l J a ^j-S\J t3ji jJl 

jj j_J J_X_) J t 4 Jj>c_JLJ I 4 J L~0 l) J ^JL^J j J L 4Jj>c_JL! I C_^>- j_J3 (J jjj 

yj>z^S \ *(^£y>~J 0 jj j I ^3 3 jjcJ <u>- jl> ojl3 ^-_P l)j 1 

1 3 j3 jJ I <uL>- jl L> ys>z~*~S *)! Ij j^>-jjwL^Jl 3jj .^Lo 
j Lo ^ C-> L) J I j Lo <_£3jjJ <-3 j-** 4_*_Lq-xJ I o J-A jU 

^JJ>zJL~*u j\ C^LoLj ^ 1 4_SCwjJ 1 \ jj J_*_j <_£ J_*_j <jl ^jLj j 

jJ^2^S 3 j3 jJl U1 j>- ^ bo c <2iJjS* .^jIj j ^ J s>zji o ^J> Ljj 

(Proton Exchange £jJ z y jJ I aJl>- j toLS” ^ I y ** U? 

J *L1_p jl l) j j-j J^LJ *LLp) Membrane - PEM) 

J • d3 Ltf-w2a^J I o J-& Jj>- I ^ ljj>c_x>J I c_3 LJ I ^-^.ygJLl I ( ^ -wOwJ 

j-A oL^wJajJl oJ-A ^y (PEM) jJ j 1 J^Lcdl 3 jJ j L^V^>- j^»<L>c^3 

4j>-j 3 80 I J-^) Ews-^vJ 4w2JJJ>tJwa ojl jJ>- C->L>-j3 JJ-P ^JwOwxJ Lg_jl 

I 4jj U>3 ^J>x^>sJ 1 ^yt> J C (aj J^a 

. 1 O It] 1 43 U 2 J I _lJ jj O labial] 4 _Lv2jLo 


J^Lj ^ (PEM) ^yjJl J^-p (3-9) j£jJl 

^j_p c 3 jJ LSD I j 3 j_j 'y 1 Lo-A dr^ ^ c ^-> jJ j jj 

c 3 j3 jJ 1 Jj j^j ^Jo <J O-J j 4ia.^» I jj L*j2^j Lo^->,<g.xj 

yj>z~*~S V I b<>J«o 4 3^^! \ j I j^oJJ-o Ij L yi: yj>-jjJy 

(oJj^cjs) 4-la-ww0 J o3L^-j wL^_*j 2_^J I ^Jo .3jjL5dl p|j_^Jl jl 

J jJ-^J I Olj3 yj Ij Jp- L w*J I o3l-P (, jwlxjs 

(e S 4-j_^) jj Ij j (H + S jj Lj jJ j ^.^E^g.ij /0 /^jjLj 

( ^ j 4" L^^p ^^p 0 ^ L -_p 1 c 4 J L^^c3 1 0 J— a ^3 

kCJ->o (Dupont) l)jjj3 4_S * j-J 4-Ll^j I jj ^jl /t-J t k_^_E/a 
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. ^ (J jbr-# oli cJiLj 2 jp j 4d>- (J*^-^ : (3-9) 


J^LJ J jUJl» e-LJL*Jl Idj^ yo jjd I oj . (Nafion) Oj-^U ^jL>cjJl 

j (Anode) ^ j_j ^ 1 ( j_>3 o IJ j 1 j ^_i LiL>^[ j_a w o 12 jJ j j_J 1 

. aJ *^s>- yo j L> CJ U jJ J ^L-~J 1 A^vuAj C ^3 jJ I ^3 LgJwO C ^ jj 15 vJ 1 

cLw>j>- Ojb (J^\->- J j-yjl ^i_P CjLjj jJLSCJ^I I j_j J_x_j jy>zJ 

ll jLj j* J-£> Lgjj, 

^isai ^1 p oUj^iSsJ^M J_>cJo JjJ^_) . (Cathode) ^^JlSvJl 
Olji (^’J ^^-51 _jj_^_5\Jl J j_Lpx_^J| j_-_P O j_-_P I O Lj j_j j j-J| ^>3 

^JljjJl 0) - ^ l-o-J I y^L^SS 1 

e-Ldl jLjJI ^il 43L/?^L> <lJj>- 
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0.7 ^3 1 y- jJ jj ^^Jl co-b>-lj 3 ji j <uL>- J^sJLSl yy .Ja- A3 ojl^>Jlj 

jjj ,^2_X_J| L^yg^O ^0 0 _\_P L> jL>- Jg_JJ LjwO_P LoJwO L oJ j3 

> 

L<jw>- j wLg_>- l5 j 3 A_P j-^-Px_<>Jl y j_j 0--->tJ 3 j_3j L>^L>- ^3 

j tl_LwoJl <L^>-l2 ^j_^j 3 y jJ I A_jj>- 4_]g L**o J^a ^-P^Jl ^J-P 

4jjjJL~*wa 4_i Li? oJ^j ^1 ^_-_ygJ 4_4_jL>cJ I C 4_S* jj>cJLa £-ljj>-l j j3 

^iS’l oJJL*->j La Lp j_j t 3 j3 j L>jL>- ^y A_iJjp3 C4_Lal5j 

*lj_gJl Jj_3 JJ J 3j3^Jl Jg-*_y2 ^^i-P ‘w— L*jJJ Jgplj_y^ Aj>-L>sJl 

C lwL>- L-JL A ^ 1 1 3 yj j ^-^- , jl Lyg_J I C_^>c_) . A_P I ^_-_P 

11* jSf cjj-^J! a^ 5I j/V ^Jl ^1 S/I 

- “^~ ^ ^ • X - ^ 1 1 ^y L £*m* ~Q*j ^ C AP” j ****) O^A^c^oJ I ©3 L<j I i ^ J) * ** j/ I 

J^LjJI £y_> 3 j_3 jJ I L>jL>- Cj Lp j_o_>t-a j^LxJ .3 j_j LSsJ I JJwP 0 £-Ij2_SLj 
a_J L>cJ I j_j jJgjJ I aJ L>- ^3 Ll>- y<>jd I <uJ L p Lygj I (PEM) ^yjJj^Jl 
iw^«j ^j-woj ( J^Ss-JL > j l *}Lla ^1 >-IjJ| i^\ yg- j/ I ol5 y^° y* ajjLL>JL 
j_A A_j I J_>- jJLS”^! y jJajJ I jl .oJ_4j>t_>3 o^Lo-S* yJ jLJl Aj>- L>tJ I 
yj jLJl ya Ua-^L>- jlj oJ_> 2 j>c_oJ| 3lj_^Jl <U 2 _LS* ,j*g_^L>s_lJ A_JjL>s_»Jl 
yo ^JlSs-i ^Jl- 3 I CJ L) jJL^a J_LP J_P l_3 4_j 1 J_3 j» j-J^J J jJ I J 

I 


^3 4ilkJl 4 _L^L^a> jLpxjL f-ljjJl oS/l Lj j-iij lij 

* t- > 

yo wb>-l J LoL>J 3 j3 jJ I 4_Jj>- l)I Ji >-^\_ j c_3 j-wo t (2 — 9) I 

^3 l-L>- ^t-^ 3 j*t zl’S' j 3 ^X>- <da^*> I 0 ^ I 

4™JL .<u5* y Jl 3 j3 jJ I j^liL jJk J <u5* I ^3-^ ^ U^j 

0 ^ Lp ^ lJg.il I 1 2 -A o t ^1_>- 1 3 I I ^ y*^ p , ^- :> 


L^^LS" jl 


J^jjjl 


3 j j->«4 


j 4 j_L-1j2j 4j jP- 

o 3 yj j Ij^ 3 * - 


( J-^ ‘Lw*_~Jg A_Jg_^>c^a c_3j j-L? JJ-P L-o 3 j3 ^2 jLa ( J>_£v_JL> 3jj>- j«a 
Ojl jJ>cJ I 4j>-jjJ I_^_^v_i2j A. I c_3j jJgJ I JJpj .Jg^»ygJlj ojl jJ>cJl 4 j>-j3 

A3 Ug AilxS” jLiJl Ij-A C Lp OjL-P ^x>-jjwL^Jl jj^j C JaXygJ I J 

JjwL^J I j l_P J^a Iw\_>- I J Ls_*_SLa | j I y-*-l I J-A C lwL>- 
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<_5^J Jg- 1 j jIa ^jA ^_JLS\j \& I 43 Li? jg>o 

L ^j^>- JiL- ^J-P 4-*-^” ^-o*J I (Lr^ 3 t*S^' ^ UaJ I OwL_>- 4_^o_S” ^Jw<jg>o 
jl c j r~S Li? jJ*,«/?.a L)l ^Jl 0^~ ■g 3 1 jLp ^Ul>o t *— ^ y*~* 

ojljg- 4s>-j3 JJ-P .^g L>- 3 j3 j 0 1 J4>- ^3 Ujg>cgsj ^ LwwO ^JaJ L 

^j_-gaLU 4_3 LS* ^j_^>- jjwLs-A 43 Li? Oyp>xLj .4jj_L« 4g-j.i — 2 5 0 I jg- 

~U_P Jg jjk..«/?,a jjwLwA ^|jgxJL~U ^j^3l t (J ^U_*g5 o3Ls3 ^wLo 

10000) jL 700 j\ d 2 j~:[ /jl; J Lj 5000) jL 350 
jLp oUl jJa_~U i_L>- 4_J L*J 1 Jg y*-+/9 J 1 oJjk v Jjg.17 .( / Jj j L> 

£gs 4jjLioJL 4.^5* j_LJ i ^Jj j^S Ugfsg- j *)\J2 j i—A-->,g.7 ^_i j_~o ^U 1 C 4 _Lj2j 

^3 .^JjLvUl 3 ji jJ I 4 JL?*- ^3 ^ Jg^JLvvwgJ I j t^_3jJU>Ji ^j_Lx_<Ul 2 JI O lj^>- 

cj Lj J gnjJ 1 j»>-l jjt oLS” ^Jl l 3^*^ l j^jjg^o L)j 1 4_&Jl>cJ 1 

^Jwo-*J ^U I o US' jU-U ^->- U I (_£j L>ti! I j^vjJ I 4g>- 1 jj ^U 1 4 j jZSS I 



4 _^ 


oJ^ (4-9) JJLlJI 


j ^UJlj c (200 1 ) I jj oULo ( j^>-jjX^]\ 

4 _Ll5 LU US' 43 UaJ I ^jA 4_L*_xgj 4_*_o^S” ^jjy>zJ ^ UajJ jlkJ I 1 

Jgli> . 4JuJg*x_lJ >. 4 jJJflLgJ 1 (J 1 Jg>sJ 1 J ^iLkJl jJ-y2-oJ 4 _JLo->-^M 

ST" LPi jjJ>c_^Ji ^i_P I) ^g*xg*x_LJ IjJ-ULj jg.jg.gx^oJ 1 ^i_P Cj Lj LJ 1 
(^JLiVl ^^Jlp 4j^w_<Jl) lJL->^l 4 _Ll5sJIj ( jL™Jl ^^Jlp 

43 LiaJ 1 4^3 LS2« jl t ^Ij-Pj-L^S* 5 ^_>JgxjJ 1 

43 UaJ lj 4^3 LSUj Jl ^0 <Lwo-5\J I oJ-A O j^Lj j_^> .4Jj^Jl OwLgJ 

4^-wo O-Lj ^Jl C-4..»,gj ^Jljg*U Lo jJLi J \ L ^jj j^-U 1 jj-^ 5 I 18 I Jgxj 

^3 ^g- jjwL^Jl jUp ^t-7 lij .oljLwwwJl ^ j3 j CgUljj>- ^.Ja-^o 

c_3 ^-^4 CgUl^gxJl ^_>c_g- ijlU tjU 350 Ja_*_sg JJ-P Cj U 1 ^Ja_^» \ 
^lj_pj_UwS* 5 ^iUg)[L) Low^jlUlS* ^jlU 500 

( Jw<i«gx«4 jS\ Lgg>cg- 225 3jw\gxj JjwLjfe 

25 ^3 l^g»- 4 U 5 U 1 <-3 j-^j toljLwwUl ^Ja^o ^3 ojLwvUl Lw? 
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Lo jl <. 5 ^*UiJ 1L£JI j ; (4— 9) 

. 23 Lki I 


G. Rovera, "Potential and Limitations of Fuel Cell in Comparison with : jJL_*a_o_Jl 
Internal Combustion Powertrains," paper presented at: Internal Combustion Engine 
(ICE), Capri, Italy, 2001. 


jL> 700 ^jjy>z3 J LLP ojL-^o <L llS" 4jLoJ 1 ^3 

l yL - J 300 sjJ 1 Oj_So c_3 

i- j} j ULJ ^LijVl ojjt> ^ 180 I jj>tJ 4-liSvJlj 

cj L) I 'y 1 o | c j L> 3 50 ~llp I <U L>- ^3 ^-ojJ 1 

j-i-oJ I ^jA oLS' 13 jj .^_LpI c^_>t J I oLS'Lo-^.j <j j-3sJ 


4_> J_> cj U \ ‘y>~ ^£3 Lp l? 


3_jwLLp c J 1 




4_lx5sJl I y>~ ( ( JjLwsJ 1 I j) ^Qkj aJsS ^JLJ c_i j_~»> 

c_3 j-*a ^>cj>tJ \j t jL> 700 C^>o JaJ^sJ 1 Lp ^jjy>zA <1 L>- ^3 L^vw>2j 

3 ji jS J ^ ‘La! .^JyJjJj ^3] 

U>- J^P 0 jLp • **4_o J_*_4 olj-Ljkl) Jiw ^J»P 1 
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^LJb J tb^-*-A>Jl 

- *> - * - 


jLb '■- 


cbLsbbL) Ja2a>c_ j 
o_\_p L_^vw<>wl I 


_--o l_w4 j j a « ^ 1 1 «jia Ij3 yr^ b s^2jL^ 1 ^J_p — 

0 ^ m* -. 5 ^ L-^c_^“ I ^^A ^_^c_A } La3 C A. <1 i ) >3— I A. *,i 1 1- -.-*■*•— I 

( Jw<ja>- bJJ-i iw-bJaljj .^plxJl ^ jj>Jl iaJw^Jl ^_3j jJa Oa>o 

^51 aAiS* ^JJL<>a bl ^j^a>a (_£bJl <. Lb 1 JJLjcJI |JL>- o j~~* 4— 

3 1 _)jp ^-a Lb” c ap^ lb ^a^ a*3^o^$a 0 ^ Ls.^0 a_LS” c_ 4. ■>,£?.) j^aj 

. j?L?>c^oJ ! l y-^ j 


^-_>c_>cJ I ( JJLb jbj-oJl <— ■> j3 0 j-bw?Jl oUL^Jl A_Ia_4_) jl t 1 j_wb 
5 _J A^3 iSbb 1 A3 llfij I ) 1 ^j-' 0 1 _^b 1 8 Jj>tb /^Ja jJJa^b I A_l^SsJ I J 

^ ^_>Ja>c_j A_*_^0 oJ_jl_3 ^J_s£3 j_> ^j-w-Jj t (^j-^>-Jjw\ -s. ^ ll ^_as ^\ J_& J_ J_b” 

. ^J_bJLiJi ^JJbbl I I 3 j_i jJ 1 j-j V <uJ L*J I a_s LlaJ 1 

CaIjL~J1 J^as ^ip jl Aib-bbs ^j5Coj Ca Ia L-J 1 oLa 

A_^a>- I Aj>- I jJ 1 O L> wL>c_lJ I j^S I J_>- 1 bj-^A b I 1 

( j r &\ ,3 ji jb (- 5 ^ oL5”j-iJl JjL>b 

. Aj j L>J 


^A t3j_3^Jl Lbb>- oLb^AS Aaj_^vJwoJ| (_£wL>~! jl 

Ca15”jA>c^3 £aj Aj jlibL 3 ji jJ 1 LbbLJ l-b>- A«J l*J 1 A3 UaJ I ( Jaj_>o oe-LiS* 

(PEM) ^_> j-aj j-j L 3 L_j 3 j_3 j a_*_L>- SELLS' bjj .^_1 _>-IjJI (^1 j-iA^'y 1 
A^ww*jJ 1 a Aa3 ja ^j^oa Loaj ^1p! Ja Ia c(aJ^>J 1 ^3 50 
lilj .oljL^Jl Jl^l Jl 

IJa 1 b|j l a^S” 1 c _5^' Ua ^Jwo L>^S* ^Ja>iJL*aI 

^3 Jaw\j>^iJ1a Lo jAj ( Jw S £2A>c_^^>> Li* l (_£ J jaJa- V 1 3^3 jJi ^>- JjJ-^Jl 

kAji-\^P' ^ I ^ a I Ow\.A ^ | ^«a 3 o ^ ^ I 

^JJj ^jAS ^1p I ((CA t)b>c_P — ^]| — jJ_s£2AJ^ A«JL>a>-^/ 1 0^Li5bl b jbo <1)1 
^l>-b 1 y^~ 1 bi jA>ca 3 ^IJb-tl^lj 5 j3 1 jIas La>- jJ j-bsJ 3 I ^y2s»z3 1 

( J3 Ia 0?-La5vJ AjjIJLo CaL-o1j3 ^3 o3jA>-ja>J1 <Ua bb>b 1 ^A oAa .^J«Ja2a 
£ jbJl jJl 0 J-^ji J^A>CA3 ^jA3 Jb Jb-3 ^jAS CA~\P I A^S” ^bJl aS” J>- 
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J^_x_>a ^3 yJL>- Li ( J^-_3 y°J o J_>cJLoJ I Cj Lj ^ jJl ^3 A3 UaJ I SjljjJ 

j* ^SlrJl (5-9) JiLiJl .(MIT) U-^SUJJ 

.(US DOE -ANL, 2005) ur ^jJ\ Oy>J U^U ^IjAJl 

I aS jj>cJ I ( J3 1 jjJ SwLp o^L-SExJ a 13 I oLS*L>c_^sj A_*»ljjJl o-^Li 
oAa j } I t(Ford Explorer SUV) 

^Jl 43 U 2 JI jwL^a l)| .(5-9) ^3 <Cmww0 cj LsS" ^ dJl 

jj>c^3 ^ L> yjy*j ii j s>z ^° o IS ajI^JI o^y L>- ^j'yi ^5* ^3 
L>*!A_>- <u_S* j-4 * (Diesel HEV) a_l^>c_a aJL j-^> y 3 <Jj^3 


A^S* y* ^3 (J toX> "*"’ d*>E>-j • (H2FCV) A 3 ji j 

L^U eijL^ J5 ^1 ^L~jJE . (H2FCV HEV) aJU^5 

Cr 4 Jj-v2j>Jl ^Jo aJI ^jJ>\jZi\ 3jijJl 

Oj^j c_i (_£dJi t 1 jlidl cLL5s^j aJ^oIjj 3 j3 jJ L> Jjjy Alz>z-a 

jZLlll JJh kJl J> JiSfl JlP CaJjSM AiUaJJ S/U^l ^Sfl jJu^Jl 
^L>Jl j?i/J 1 Ul t aJ j V 1 A 3 U 2 JI Se-LaS” o) .3jijJl L^U*- 

<Jjj3 Cyj^ W <• y Jdd 3 jij ^Jl ^x^JaJl jl 

Lgjda>- *)\->a ^Sdo-Jj ,W<l)lj3*- — — jwLs^a^ Se-LiSE A^ww^a C y*>~ J J-^* 1 

jJJu ' J ^ A^oJ i ^3 80 J^a A-u ^3 ULj L^jI ^Lp 

I ^ L*J I ya y^- ^lp (J U>JwO C 1 3 ^3 I 

( J^5sJ 0 ^ 1 <2_Ss_J I oLS*L>c_>a o_o_j’ . Lo ajLoJI ^3 56 Se-Ej-SEJi o j_£2j 

aJI jJl^JI oli jJaJ 1 o3 L5 0jjl3 l) jUcJIj aE-*-J^j (J *^ks>- j-Wxa 

jl3 1 A Lj C A-J 1 j_L^aJ I ioJuJl o3 L^J 1 OjjUj oJj>cJLoJ| oL^I jJJ 

<Cwww4 SLS'L> C _^J| oj_A ^_jLlj (j| .CaIjL^wJI J-L^-zQ ^j_>a 

<L^jJ E (5 — 9 ) ^3 fto*^E>e_£' — — <jij->-^ of-LESsj 

.UJL^ 


WO*>l_Px_P — C-5"^i 


^LLSEl! jl 


y ~ J . L/2^j Lgs-g_v2^_o ^j-o^-La^JI ^j>oL& [S3'^ S T ( J-s^ d>o (J jw2j>cJ 1 

ELwJ-vmJJ *IO*)ij>tP _ C3^i “J^-s^ja** 0?-Li^sJl j I EjJ I 0 J-A 

A^wvjJ L AjjL^> Lo jAj Ja^-ygJ Ij ^A A3 UaJ 1 A«J-^-P ^3 aLoI^JI 
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.SUV ojL~Ji) (( o ^ I— j jl ,/a a )) e^l iS” 4jj ULa : (5-9) 


A. Rousseau [et al.], "Well-to-Wheels and Analysis of Advanced SUV Fuel : jJi*a^JI 
Cell Vehicles," paper presented at: Society of Automotive Engineers (SAE), Detroit, 
MI, USA, 2003. 


4^. S Ji aUSwJJ J ((J^o) 1 (^1 1 U 

^ j_3 jJ I A_U_>- aJ U>- ^3 . A.1 a_ww^u ‘LwL> jjwLs_A .3 j_3j U*!>U>- j-JJj 
Ja^-ygJ L> 0 ^ LASCJ I l)} t A^vPxjk AoL> A sS* aLSC 2J ^3 Adc>-jjwU^J I 

<J^o (HEV) aS* I aJ U- ^3 Se-USJl (alUI ^3 29) 

c^jSM iillJl 015 lit c dills' .ajuJI ^ 26 ^ ^Ul 

C A*^ |^.jJ I ^3 jZJLa U>»S” C ^_J_^^djJ I ^j2j>- I U ^ j t 

. Lo jJLj aJL IIlLa Cj Lj jJL-vwOsJ CO 2 J U- O 12 Lx— j I Aj>c— lU I J j-SU >—3 j_— >3 
oe-LL^Jl ^3 la.«. 1 1 ^_> jJ I |J_A Oj-^J (1)1 £3 jJLoJ I j*S> ya C^JLUUj 

olJuJLxJj ^JlSU aJISUI ^1 p Lsi US’ a^S” jUJ aJL>j>-^I 

0j-*3l~UUl J^Uoj . Lgjli Jj>o 3j3jJl aJ_>- j ^Uaj 

^Uj j c_3 o (_£_LoJl Aj L> 3 ^3 I L> dJ 1— S' ( J^_P 

c o3i J_>cJL^J 1 A3 UaJ I ^JaJ L> t A3 UaJJ A^a 1_U— o 1 yS I ^JSw* yj>- j jJL^} 1 

^U 1 Aj j jjJ 1 A3 UaJ I ya jl t (2-9) ^JiLdJ I ^3 ya jjt> U>_S* 
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4_LoLSLil 4_Lv*_Lv*Jl cJ *}L>- CO 2 JL*J oloL*-ol ^Jl ^LoLl*%oj 

.LiUaJl 


( J J I J. L/2J3 j* ^j_0>- J JwL^J I Lg_^3 jJjJ ^lil L L>sJ I L j^JLP I IJ 

4_L?- I (j I ( 2 — 9 ) JSLxJ 1 ^^3 Jaj>- t L j j_> Li Li? j I t 3 Jo>eJo3 
Jja L>«_S* g-Ljj-g-S^Jl J_J jJ Li LkJ 1 ^J-jj_>c_j Li_~*J_s» ^_3 ^JjV I 

^JwflL^C-S* ,j_0>“JJ Jws_& ^Jj J>»L>S_ll !j_& Jj J_>tJ ^-J . ^O 1 JJL) 1 4_i Li? 
^3 0 j_*j>- ^ ^ <JL>- jo>J I Lo I . J-LJ I fj-Z-* J~^~^ j%—*-d J <• (_£ jo lo 

^Jl AjwL>- LLJ_~Jl 

^ jS>z^o LwLxjJ I t3j3jJl L*>U- <lLl^» 1 jj 

Lla_*_~o Lo L A^S j* ^3 ^JjLjL^vJ (_£jl j-L 1 ^J-P d -~*-'2 , j LiLjfc 

AjS j * Jl ji* \s> Cj Lj Uaj Lg_«3 ^Jj>tl~o I j 4 Lj Ua_J 1 ^J-P 

^3 L 3 UaJ I Jjjj>cJ 4_L^m_Ls» 1? 1? >c-o 4_ja_^ 1 jo J^oa j-A lo>-S* ce-Lj_£_^Jl 

*L j-g-SLJl J>jj>o ^Jj <l>-L>- Libj^ .j^J LiL>sJl oj-A ^3 .(6-9) JSLjlII 

> f. w t 

0 j-s^>Lwo l)J->o ^JjI J^L?*^ I e-L j^S\ L)l L>-> ^ jj L JoL>- ( Jj 

.<jL ^_SL1 1 £3_\Jl Li j>*-a Lj^lJ 4_-JJaJ I w Up I Lj li?.J 1 La^ol jj 

^3 j^-Joa j-*-^ jo>J I Li UaJ I Jj jj?*sJ ^iL^vJw^ (j-o JL^>- jJ I o_i *>Ll>- 'y 1 L) 1 

LJ^JJ (6-9) JiLlJl ^j oJjJl L^U LJ^J (2-9) JSLjJl 
LiUaJl jjj>zj ^sj ^ j V I LSL>Jl 4 j I jjt (. ajj liaJ 1 0 I 3 LoL ^fSLJl 
JiLsi. dJJi LJLlSI LJL>Jl Lo I t^j^jjJuj* J-SL2. ^^Lp 

L& ^3 ^_i ">Ll^- Lf 1 * >c_Lj JjSLo_j . Lj j Ua-J I ^3 4_o Lj j^-% Li Li? 

(j^d (7 _ 9) ( J^SL^Jl ^ ^_sJ? jj3 jJ& L>5* ^ja.Ja>o ^-wOjj JjJAj jJaJ 1 

jJ^2J= L^3 ^JUj I <Ja_LJl ( j^» c ( ^JlLLxj>u-<>J 1 ^j_JLAj jJaJ 1 ( j_o L& 

■cjL*»! oLSLosj p-Lgjojj c ( * L j_g_SLJ I ) LsLIaJl 

_w*JL) .A__S* j_L-U Lj j_^_SD I ^_3jJi Li j-^-^ 3 LjJJcJ 

^3 Jjj^jJI LLvwL^o 4Ja.~o I jj L>c_v^ jj>J I olj-^j>tlJl 

^jL ^JwJj>tiil ^Ja^j I jj ^j^-jjJ-^Jl ^Lu| jj* LLJjjj c 1 


Lo U ^Lj_g-^Jl ^1 
^wO> L)j t 

c pL>JJ 


Jl Lo L ( Jojj>tdJl 


. (J Lp — Ja_LsJ? O L I !>■ 


L5 3 


Jao<_o^ ‘ 
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4jj 1 1?. t a-S Li 43 UaJ I : (6-9) 



.4^1*531 43 UaJI aLju jlSol : (7-9) JibiJI 


^3 Aj j Ua-JJ 0 LwO Aj L^jJ L> A_L Ub L 3 j3 jJ 1 aJ a_~o I Jj P L) 

Jj>cJ I '^k£S 4-la.<s-^^j aJj ULo ^JwO-X-j . ( J^5s_JL] I S I I 

^3 a_j j_Ua_^J I Cj I J_^_>cjJ 1 O I j_j AJaj>- ^LoJ I ( ^5 s^j 

A_J->-j A_LjJ_PxJj J j J-^ gJ 1 ^Loj AJwo-vaJOa C 3 j_9j — b*>b>- A_^S* j^o 

A_3 Ua jl_^_>- Ja-w^aJ Lj j A_4_*JL>sJ! ^3 c3j_9jJl 

^ 1 cilij ^i-P aJL ^JaJ 1 oi^J oAa-lj Ajw^vj>- oj^o c 

^jJLo ^Lp A3 UaJ 1 A_x_~o Cj LS" bl JaJLs c A-la.^-^^j ,j_>J_>o Ajj U a_i 

.3^3jJl aJc>- lJ L& I i-5 
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(7-9) JSLUL iu-Ul o| J^JI ^J>\ 

Ldi I JLa 43 UaJJ L IwL 43 ijljjk l)U c 43 Up o oLU^ l£PCo>3>- 

Ja_x_s3 ^Jl ijr^T J J-^^U 1 Ja_x_v2 4_«_Lo-P <1)1 U>o l ^\JLo .4_L>- j-a ^J-S* 

4ioU I ^3 10 J->- L ^jj^s>r^}\ oLljJa^il ^3 jL 3 50 ^ 1 y>- 

y° 4 JI 3 t jj I y 43 Q 2 J! oLjjJL>c >3 Uj>4 ^ja Lo jJij 
( J^J_P*tjJ! 4.jg.*<»l j-> 4_PxJLL<>Jl tj-^T J jJL^J I 43 Up ya <J y>- j_LwS” 100 
<1)1 J->- ^^3 UjJ_x_j ^JLo ^U 1 *L3 LqpJ 1 43 UaJ 1 j jio t e-UUJ 
t<l)Uvo>UL ol-ULUl IUa jj>-^ ji-U” 90 ( _5- A ( j-p- j I 

** > S. 

C ^tU^xJ 1 ^3 4-l>- ^JUU _ ^Jj>-3)) Of-liS" 4-o-3 3Jj>o <1)1 Iu5oo 

4 Jj >- ^0 .iiljjfc c 4 jj U a.J 1 L> .(1 — 9) (Jjj-Pxil y yy 3 j-& L>U 

43 UaJ I ^y>- J 43 U 2 J! | ^jL ^>--\J l 1/° o-^ 5 -! J 

JiU^ ^)p ^JUUo ^-«.«/?-) 43 llaJ 1 ojjfc \*j>~ Oj. Loj C <uS” jUJ I 

oe-ULS” 3 wL>cJ (1)1 Lo2_j 1 ^UaJLvo c 4_)j LkJ 1 4»Jw o-P <J*)L>- Ojl jj>- 

4 J 0 U I ^3 85 o3lp yt J^>c_»xJ 1 o^-liS* <l)j . 4 jj UaJJ _ ^Jj>-3)) 

^Jp l 4 ^_^g^»_>cJ 1 — 4^3 U 3 jil O Lj UaJ 1 ^J| 4 _^jJ Li 4 JI-J I ^3 95 j 

j-° tsy t>° J 5 ' 4 ^" oi y^->, 131 yj\ 

y 90 (_£jUo 4 jj Uaj y>t-Jj o?-li5* Uo? ^13 1 !3j t4jjL&JJj . Cj Ij j Up. J 1 
^L-LoP- i; J^ > “1 j- 4 ^y 3 *Sj>- jj* — ^>- 3 )) ol^-LiS” oli c 4-L^J 1 

.(1 — 9) <JjJj>tJl ^3 4l~w« (7-9) ^J5 s-JL)1 ^3 1 43 U 2 J 1 


^_Ip <lL>- j^o J5 






4_^_l_o-P 


r* 


4-0 LgjJ 1 1)) O^liiCJl (J J-*,3_>C- U Lq 2-JO Lg_ 

w^j_>-)) j V 1 jJ-s3-<J 1 ^0 ?-Lj_^_5U! k^Jj>o)) Li^UajI c 4j^s IS” 

4_Jj>t J 43 UaJ 1 j_>o o^Li5* <1)1 ^3 1 j^3 Ij .^ijJl ii <__^i 1 

^ ^j_>- — ^Jo>- 3 )) 4 w Jl w g w >-^l 0?-l_a_S\Jl <1)1-3 C 4»_S_^o 3 1 ^3 50 3 j_3 j_J 1 

<1) j^sj (7 _ 9) 1 ^3 4jiwwOsJ 1 3 j3 jJ 1 4«Jj>tJ 43 UaJ 1 jj>o 4_L**J_~U 

4-j j Lla-j 1 ^_^J} 4 _^vJJLj <Lo>Jl ^3 90 > 4jjLfl_^3 t Lo j-Aj 4j_<jJ 1 ^3 34 

j3l_o2-^ e-U ^IwL^-cJLol L)3 jI 1 3^ l •^J^-U_2jUl 
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100 JiG uli 1 5jL~Jl y AilkJJ ^IjcuCJI JLJjVl oUaJl 

^J_P 0 j-^-> <-£ j-^ t A^3wL>cJL-vw^J 1 A>J j 1 A3 UaJ I cJy^ j-^S* 

A>*5" ^yL j-g-SsJ I £3_\Jl ii j s> ' Lji 90 I y>- ®^J-^>- jJ® 

t ^j_SsJ J .A3LI2J! yjJj>s_lJ 4^v2^> — ‘Lws^l-s^J 0 jS>-Xji |»|jJ*CL^L> 
^J^_l3 l A3 UaJJ ^j_)Jj>o ^ Q 2J-S* 3j3jJl A_4 j>- ^>3 y^-jj~l^Jl Uw«wL>cJL^l 

34 jy Ja-43 i] Ijjfc l ^~L>CC*w<>Jl A_J j V i AiUaJl 100 

iy -LA j lCaJj>C»o4 _\JL! .^3 w\J| ii y>c^a L3^i W^ j> ~ J"* ^-3 y~*-> (Jy>- 

*UJ t^z jb yp U ^jL>cJl 1 Se-LiSG 

^3 1 jj j_laJ j Lj jj>c_j ijljjk jl t4 ^C' i_j 75 (JjL-j 

o^IjLS* o3 Lj j t^_3J_^Ji jlS* jJ ^Lp>~j .j|jJL<jJ! |j_A £_9 jJ j_oC_~*wA ^~\JL 

aJU^)M S*U£JI jli caJuJ! ^ 90 Jl *UJ J-UcJl 

\jjb j_CC «AX^Jl ^3 40 I jJ>- J a_A3 ^J.-yg,) c_3 y-»i j>- — J>-0^ 

fJL^J ^1 *U j£jC AjL^Jl oljUJl jl Jl Ja^Jl J~L>cJl 
111 A_3 15" A3 UaJJ yjy>ej A3 LtS” ^ A_J 1_P o^LaS* CjIS CjUjUaj 

JwoJLxj 1 cLU-j y_P IJj>- Li I Jj>- (Jy^-> < 3 L A^S y2 U (J yJL*_^ 

OO*'-’ 

: (1-9) J>^JI 

. aCL j^> j>"~ ol^LflS* 


K^j>- — af'ldS" AjjULo 


AjjUa.il 2 y jJl a4^- 


AUJ I 9 0 Ajj UaJ I AUJ I ^3 75 p UJJ y L j^-SU I J^Lsx^J I 

AUJI J 90 i^UwsuMl 

— — aXoJI 50 ^ ji jJ I a4jP 

auJI J 90 aJU^)[I S.usai axJI J 34 aJU^)II S.USUl 


(_£_La ^s 3 jjJ A_«3 LS" A3 LW ^i-P 0j3 1_3 C3 L j Ua-J 1 Cj IS* 

lIa>J I Cj I 3 aJs^v-J I cjIjL^-vJJ Jj5^ow 3 c 100 i ^ s>m ^y^-t 

^jL>- o j-^-j L«wLcp j! 1 5 \ L_^c_>t_Ci S^LpI j 
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O ^_i I OwL^- O l)I tdAlpL^J 

a_4j>- dA US' ^Id^U aUAS* (J^^j jdLSU lJdL*J ^2>\ dA US' lj-50fc 

lij . AdJj>o A-^Jaj I j (_£jj j-v^J I j j 1 ^Idi A2jLg_gJl 3 ^3 jJ 1 

£*+» j?} 1 \ Aa>- 1>- ijU& c_3 ^wv3 tjU*-gJl dA IjUvUl oU& d^>c-w^ I 

c5-UJl L ^S> Ajl ^*-PjJl L 3 ^ t ^yLj-^SsJl j»UadU ^^JUxJl ojJJlll ^3 
A.U.P <Ulddw*»l jtS I ^ Ua.U 1 l2-& l)1 ^Ja jja.l ' 

UiUaJlj (^-j>t_>Jl oJ_?-j_j A 3 LI 2 JI) 43 LI 2 JI AiliS (2~9) JjwL>Jl ij-^-i 

C A. 1 *. 1 — o L j Ua-.U c(<iiSJl 0 Jj>- j_j 43 Q 2 JI) <Ls_p jjJ 1 

(US A_d” I A3 UaJ I ojljjJ 0 j jJadgJ I oLjlkJl ^oU jJ >*-i>dgJlj 
oy>z~<J)\ i j^j>-jjJ^}\j JaUUI ^^dJl ^3 ^Jl AiUd^lU t DOE, 2005) 
aU Lp a^_£- A3 Ua (jl ^*_P 1 ^J»P «_j L> 200 Ja^_*/5 dlP 

U-LlP ^1>- t \jj>- A_^2_>U*tw 3 A3 Ua A3 US' A_> jJ t j l_P Aj ^ t 0^~* ^ 

OUI fLdUd^l <dl dllS ^d*J . £jlj j^ 3 JiLX-sA? <dw»*J Oy>XLj 

. A3 UaJ I ^jA <L^ bwO A^-gd Jj>dJ t aJ_^ 4 j 111 L J to J^T 1 J -*-*^ 2 ~ a J ^ 

U~i Uo ^J-P d^/1 Aj LxJ oj3 U C^vwJ dA Lj Ua-J 1 (jl Ajjj Ud-jl ,j_SU_! 
^jAJ tA^Pjlll A3 UaJ 1 j! A3 UaJ I AidS” <dvdJ L> ^JjUUl 3 ji jJ 1 

AlwX^a dA LdUaJ ^3 1?^3 A^wo llo AdLj-^^Jl oljLwv*Jl d l) 1 ^3 ^loJ I 

1 iillA (J 1 Jj .^3 jlgJ 1 ( Jw^2lvwgJl ^Jl A^lJ Lj — 0 j^23 

J-Lo 'y (d"^ 4 oLjLkJl L _5-^-P' jW°^l ~d3 jJ j-la-ll 1 J 1 (J Lg_P I 

53 Lj L^j Ld ^il 1 cj L j UaJ 1 |t^w^ > ^3 a»wvwoj (( cd lij iS ^ 2iliA 

A lo . ... . 1 1 A_o L> 1 ol jL^Jl A_^3 (J j-Ssj dj>Ul A3 UaJ 1 Aids' 

tf-U'yij ^Jl_ ‘L w ^ v jJU tA-^vULlgJl ^^J-P 0j3l_3 O L> j lia-j 1 ol3 

Ad L> j_^_SU 1 cd LS J 1 ^ 1 Jj>ti^ 1 j . Ajd_J_Ail 1 ol jl~J 1 aJj LLoJ U 
1 Jw^Xj t A_P ^wvJ 1 A^adixlgJ 1 dA IjLwJall 1 ^3 J JiUd dA L) j UaJ 1 dA I 3 
^jd>s d^Ud-UaJL) t L>- jj>- l)} tdj>- tUaLxJl dA LijJaJ 1 

O^IaJI ^3 diJ3j t Add j^iUl ( /^dxJLgJ 1 jS J t^^P*l>U dA L) ^P 

.Ad'yi qj^/pa] 1 
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: ( 2 - 9 ) 

43 UaJ! jfixj 43 5* 


43 UaJ 1 

jZ . J /J li-wfl 

43 UaJ 1 43 

pI 

43U2JI J-.aL>- 

0.11 

0.32 

4 w 2-4>- — <W? U^j C3 Ij j lkj 

0.72 

1 .80 

4>j J-4toJ 1 oLjliaJJ v 2-4_^J I 

119.88 

1 .9 

jl 200 jIp 

45 .72 

31.54 

243 -^' 


US Department of Energy oLVjJI y ^JLkJl ojljj : 

(DOE). 


y C^w*33 wLi Cj L) j U aJ 1 ^J_P 1 (JLo-pI 1 yd (l)j 

4Us_>e_gJ I 4_ol_>j_£^Jl oL^Sj-o-U 3 ^ I olj-LwsJi ^3 IjJ 1 <Jj_>-dJl 

4 -^ S ” ^ J - o-P U^_-lwwa UaJa .> c -4 ( 8 — 9 ) I . ( HEV ) 

(Toyota Prius) ^ *,<? 7 ^-Lp 

j U ^_33 ^Llau Cj I j 1 ! I oJjt ^Jj>xJL^vJ .(2005 C L> j_> jJ Cj I j L_~o 

^_Lp t 43 UaJJ ^j-vwoj j-L»/2-o-S” C ^wL^1_4j (^1 y 2 ^ 1 ij J s>ZmA 

4_3 UaJ 1 ^JwOw^x-^s <j| .^j-jJ-^c-J 4_)j Lkj J ^y l_J j g ^ ij y>z~a <_£jl jjJ 1 

jl ^j-»J-L>) 3 j_3 jJl ^j-4 ^jL> JljJ ^ 4_^S” I o3 LJLJ ^wL>cJL^vw<>J I 

I Jjb ^j^vJ C^J->-|jJl ij J s>z ~ a O - ' 0 (<J^jjJl 3 j3 j 

Sjl3^[ j\ t o jJ 1 4_k_^ I j_j 4_)j Ua-J 1 LaJ |»Jj>s JL~o ij 

^j3 j I i 4 j wLJJLJ 1 <L*S yd 1 ^3 <J L>cJ I j_& dS 3 j_2o L_4 O 1 

c 4 *,2> g >cJ-4 — 4 _Pj_~«_j jJaJ I LlLS 2! £c_4_\Jl o^UJI 

|*JL> t <JJL*J I J_S”lj_4 ^3 S3 UJ 1 (J *^hs>- ^^3^/ !j *^-43 jjj 1 JJ-P 4-s^l^>tJJ 

ijjj>s-oJl 4_la-wo 1 j-j £_3jJl Ij ^JL>j C^Jj>-ljJl ii i^_3 ULO 

^w2j LowUp .4jjUaJl ^3 4 jJj>c^J| 4»ol> I 43 UaJ 1 ^ I L> t j{ i y]\ 

4_o Ij iXoj LSCjU y j\ I jJ 1 d y>zj* £_1_4j AS> yLa 4j j Lls-J 1 

3 j-sJo Lw« ^^SCuliLJl ^3 jJ I y 2 -*-* I l 4 jj Ug. J 1 
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. L I o j Lw-J I : (8-9) 


— i )) I j^o 1 1 j>& ^Jo ’0*3 ^ ^Jlp 0^>L>t*Jl ^ll 

Uij 4 J 2 -W 0 1 j_j jp LJ 1 ^->3 y* Lo j_5J j_>c_La ^J-SLjlj w j 1 j-oJ 1 

^j>o ^JLo j (.^.U-ljJl iJ J-2-*-LJ (*-^ ^5^ J J-^i 

|J^J 0 Jj>- 1 j 4_wvwOj oJj li .illlA .Jp L~J 1 y j ^j->- JJ ^1 <Jj^ y° t 43 LL j 
^JaJLw*o ^L>-|jJl (^1 ii j- >c - 4 LI (_5^J ^ j^^l ( JJL <_5^ 


Jl 


^j-P ( JaL~wo ^5LjL> toe-LaS* 


‘Uww2. 


ill c_3j ^JaJl 


r 7 

I (j'y I 

ii ^\-gjLwo l/ s^La^ji t^iiJAjj c 1 ji 4 _^s* ^<>j 1 <lp ^_ wo 

4j»*j>c_^J I oIjLww^U (_£ jJ5^l 4_o_^o oy*~a V+J?.A .ilL-A • 3 j3 jJ 1 

o_\J j_*o_l I ^J^>tJL~o ^_lJl ®4_Lo jJl^Vj J_J jJlII JoLpI® ^IwL^tJL^I ^_Aj 

«* w > 

^J^w> ^i»P L_3CwJ^ ^1 J-J Cools' 1 4^o jJi] 1 43 ll? J^o I yzLs'SSla')! 

Ajj l.kJ 1 43 UaJ 1 ojjt y°J j-Lll 4-kwol jj ojl y- 

(_£_Lo 4^j>c_gJi ojLwwJl (_£jJ (Jj^> C <L ill olj^-oJl oJ^J As>z^Sj .iolj 


4_o i_\_^_l I y*-J? o^LaJI JLL>- JkLLu) 3jijJl i]*>L^Jl~oL J > «/9 9 \ 

4«s_^ Ijwo L^_l_x_>t_) Lo t 4_*_> j_**J 1 oli jJaJl ^_Lp 03 LLaJ 1 ^o ^jli_JL 

^ 1 i La y j) 1^ * /y— ! • 0 >_^o«_l 1 ^j^-3 ^j bAw— LI 1 .>i<^ * -> 1 ^ 
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ALj>e»gJ I SjL~Jl 3 j3 j op- L is' 0 -j>o ol jL~Jl ^^-U^o aJ a.^» I jj 

AJ-LaL 1 ojL~LJ oJj L*J 1 dJJj J^o ^5" I A^>J I ^3 50 I y>- 

Lyg-i I dJ lj L*L I jJjj Lo V^*J>cJ .OwL>- jJ ^A_>“ L I i 


^jL~J ^ijp ( _ r Lt jolS (jLjj-gPJl Lg-SJ*.-* jV ‘U~ r ^& ojLw^o <oL_3 
w\ij . A„^^g.i.>gjw»J ' AP^_L 1 _Up ^JLJl A jajp JjLJl C ^ ji 

oljl—JL Aj 1 J_) t j_~L 1 ^L>cJwJ ^ ^ C->lj LwvJl <_)L>o) 

^JU, oljU-0 ^J) (j^l L^yPJl jSL! u^JwJl 

oJjUJI <1)1 vi~~- t (Sport Utility Vehicles - SUV) £jJl oljL~Jl 
•o*^~ J^. ki ijZjU p\ x?y <y 


Aj-«_>c_^J I ^.JajJ L i oL 5 ^UJ ^JL>cJl ^-.^-./a.i.1 1 ,j_SL>_> 

^Usj i j^+,£>.'C) LgJ ^ C«Lgjli ^Jp ^ jl ^ a5L*xJ I ^jp aLaL^wLU 

J^Px» ^^Lp J-j2J>0 Jljj *y l^SLl c AjjUajj Lo L j-^5* jii 


j j^L>J ^ J C A^S* jLJ I ^^ip ^ j-^>c-oJ I 3 ji jJ I ^j>s A.J j ^ 1 Lg-13 Ua 

£* J . Ajj Uaj 1 ^jj>c_Jo (OLp^/ Aj L) aSLsLIj Jaj jJJ L>- L j I ^j-^-jLo 

^y2-^As>zJ ^3 A ^P jJ I J C Ajj LL-LI A3 UaJ I A3 LS" ^3 A*_3 jJLoJ I O I j jJaL 1 
o j_^owo cij L5 j-^y 1 oLa L) j-^j L) I ^ j j-a>- ^ ^ ^ j-® j3 1 ^ i Jj>cJl~o I 


^.LcJ 1 oU>-v^oJi ^A^sj>c_^Jl oLS j^>-U D I ( Jwsj>xJl (JLao*^\J SwLs^- 
L/2_j I LgJwP c_3 j-*J L) L^>- V i ^3 l W AiLjJ L — aI^-o j-^>y 1 ® AJwsJ>c^J I 

Ua-^vj Uaiaj>e-o (9-9) . ft 1 )) ob aJwj>c_^J| AxJaj 'y L> 


1 Ao L> 1 oL^j-LJ 1 ^ j^b>t^ I c o j^LaI I OwLgJ 

o j^sjjJI oj_A .al^_>c_^J| oL5 j-LJ I j J 2 JL 3 o Ij j Ug..J 1 ( J-o-*-j 

J^P AjlLlp^gJ I Cj US' 1 ^3 Oj Lj j Ua-j I A>Ap L) J-^sj >^_3 j-^ t Ao^ ■<>.■■» I 
w > ^ 

(j j-^j Lo jjp ^^5" ( Jw5LjL) L^jj>t-Jo j^SL<>jj c j^S"! ajJ-J-aJI Ajwj>c«gJl 

JjiLj c_i j_^> j . Ao L*J 1 A_o Li 1 aSLs-JA) L LgJa_) j_j ^ 1 jL-al^o V 1 ^j L>- 

^_i_p ^ j-*-^ 1 ^^l^-IwlJi (^ijjL>- v yi i] jj>c^3 

AA jJaJ I o^Lg_) .(9— 9) ^|SLjL 1 ^3 (> j-^ 3 j-^ U5 3j3jJl (Jl5w>l 

*!>LwO 60 j 20 ^j^j Lo Lj j l (J jJal <oLi A^S” I <1)1 
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oIS SjL-Jl : (9-9) 

<-3 t ^ Ij ^J_S2 jLj a_o L j_g_S" <lS j-*^> t ( Lo j-aJ j_L_S” 100 — 30) 

LowU-P i2_A3 A) J UaJ I O^Lp^f jS>z^ 3 

^Jwv2_>c_) LowLLP Lo-JJ j! toLv^woJi o2_A jjLpxJ LjjJ 

J_j J_>cjJ Li j tJ^AjL^Jl ^y» b .jlwL^o'yi 0 J_) J_Jo » J 

Sj^Li ojLwwJl l) j_So ‘*-3 t j O^oJi ^j-o ( /^_2jLjLgJ I ,+Ja^cgJ 

jJl ^*22_X>J ^3 Ja_A3 AjJ Lkj 1 ^i-P AoL> S jL~5 ^JwO-xJl ^i-P 

^JaJ L> J 1 J ^ 1 1 J j>- Lo-j L^Ja-ij I j^a j 

CjIjLw-wAJ IjJ 1 I (j| .jLgjJl (J ^\->- A.A3 y^J* (I) ^S^-> U~ilp L*,<gj I 

Aj 1 J_j ^1_P (J_L> >^_3 j_^> L^J j_>Oj ^*^JLgJ I Ol^ <Cw*_>£_^J I 

Aj>- L>J 1 J^_P A_> j_J 1 CJ L^J 1 ^J-v2_Aj JiJJ J_)w\_>- j ^_^a j-^-> 

XLP a™^I JL-Vl J*>U JiSfl ^Lp cJaaJI ^jJI *Ijl*jl*I 
A_*«**jJ L> dilkJl aL» ISCSI aLJ^JI jL^p^L ju>-Vl ~u_p .JJLill 

j 3 ^0 t_5^ J ( J^s_JAj ^ -LJ jJ CjLsJL^'yi lj_A Jl 

^j-S2g_i dUS JJ-P C A_> j jjJ 1 jl 03wL>cJLoJl A3 HailS” Aa I JJL^~_a A_J jl A3 Li? 
Lg-^o *>Ulp aJ Jj LoIAI^o L/2jI ^w2j l) I (_£ j-^l JLU 


.AjU3_XJl jlp ^bol) ^3 


^jbo o J_>cJLgJ I oL^y jJl ^3 A-o L 1 A3 UaJ I 
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o>b 40 >c_& bj b ^bV 1 2)j lb (EPRI,2001) 4*wxlj3 

bj_b_4j OjLwwoj ( Jw<2JLwwO ^Ibj oh 40>*jk 4_o b O jLwvmJ ^j^sJLa 


kj S)Lw~o *bi b 


(ADVISOR) o 1 j b_~bl oLS*b>c^3 b jj ^lo2job Ja-~» jO ob 

^3 43 1 b 1 I SjljjJ £jllSl jl 1 o3Jj>OoJl 43 UaJ 1 j* S j>z^3 4Ja_~olj_j 

^J_P bg_b_P Jjl_b I AJl\sJ>z^] 1 ^jjVl OtbbbtjJl 2)| . o0>0<b 1 ob^ jJ 1 
t (Conventional Vehicle - CV) b^O-lio! I SjL-Jl 
4_bS* ^*wb (_£Oa ^a J t (HEV) 4_blUl 4_0>c_£Jl 4_obj_g_^Jl Ojb_~blj 
(_£-La ob o J j>- 1 j i Iba ol j3 i j*^j>zj£‘ /^JjLwoj ^(HEVO) lob 
^$b j^S 4lS” (^-L« ob oO-ljj t (HEV20) *)bw« 20 j^a ^$b j^S 415” 
bbbj_g_S 2 Jl oljL™Jl bl ^ 3 ? 1 jO 1 j . (HEV60) ^b-a 60 j^a 

Ij j-b.) ^2.5 'l 1 Jib_J 1 — JwLx^ — JjjJ^A O b j Ibo ^JbxJOo 40_>t_^J 1 

t^JJlo^a *bl LgjjJ <jjbb 2) 1 j t ^bsJ b J.J jjl 1 cbLcl ^Uajj c (NiMH) 

^yO £jLb J t 4P bv*J 1 ^3 *>bwO 90 1 4P ^w*bl ^.O 1 1_L>“ j^sO 

<1)1 ^^l^il .4b b 5.9 ^a Jil J*>b>- 4 pLa» / J~a 60 0 


•ObH s Abr* 

b Ja^x jO ob 


3 50 (_£-La ji LgJ Li 15” ^j*a buj^- 




^3 4^2-5*g-ba 4objo>e_xjJl obb J-2U b-J jl 1 ^ww^w2jb 1 olj-^a 2)j . ^bwO 
^_si bjbk, b*_~x ^JJajb (HEV60) 2)1 ^Ul (3-9) JjO>Jl 

0*)b-5bstjJb bj bba j_bo? 1 ^Jj>- b ^1 jO- j ii J s>z - A bg_>jJ ^jbb ^ 

P 4j 1 b jj 1 ( J^a j . (CV) b ObjlJ 1 4b” jbl 1 J 1 (_£ ^>- ^ 1 40x^1 1 

4bb ( Jw<>j>c^a 2)b to j-j Lx^a 4-bS” t, a.*.*/?.") (ElEVs) ^3 b j LL lJ 1 <1)1 ^Jl 
t (HEV60) ( JbbxJ 1 e-biOxb tbobalJl ojLwwbl 4lb J^a ^j3l ojbwsll 
0^ L^-b 1 ^ 1 j £* jib 100 _} LgJLbS* 4»b 1 ol-A i^J***~ 

t j-bs^'y 1 1 b jj>c_oJ 1 ^j-vwbj ^^-0) bll^ .bO-boJl 

ol jL^Jl ^3 ^»0>0-vw<iJl t 4S"^>»J 1 ^J-b bp y<iJ>z^o ^a t <03>- 'y 1 ^ U b J 
P-bl ob*3 jJ 4-s-wvJ t OL& jJJ j_P J-j ba .4_0>c_^Jl 4_o b 1 

iij^>c«a ^y> S ^jA 0 j3 1 J^ol 1 OjJob 1 ( Jw<>J>x*a 2) jbb 2)1 t 0 Ua^a 4^_J bba 
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o J 2 ju> ( JwUj 2 j ^ I (HE Vs) oE5 jjs ^j3 ^^jE j-^5E 1 2] 1 j ^ j_i jJ 1 

ii oljj>tx>Jl oj Jjll I 0} . EJ-EjJj ojLs^o ii j. >zjs ^yo o j3 1 jJL^E 1 ^lUj 

1 ^/2J>o E> ^3 Lo Aj j E^Jla E I 1 j ^ j3 jJ 1 

l^JU (HEV60) E-^Jl L« Ujwo c(HEV20)j (HEVO) 

ii ^r 5 ^ 3 j- 5 ’" ^V 5 EjE j^S 15 ciilloJ 


: (3-9) JjO*Jl 

EPRI JJS oL5 Jl olg.M^i ji 


HEV 60 

HEV 20 

HEV 0 

CV 

> SjL-JI 

38 

61 

67 

127 

5 j>^ 0 j J-9 

(J^lj jE5) 

75 

51 

44 

— 

j^5Jl E 0 j jJ 

(J^lj jE5) 

17.9 

5.9 

2.9 

— 

Ajj Ua.J 1 

(apL- j^lj ji5) 

1782 

1664 

1618 

1682 

kS y^\ ikS' 


c o E^5 j_EJ I a_ 3 UaJ I 2i M^jLw» I ^Jwo^px.^ j Ejlp 'y E Ll>- 1 

c-u.,5j j c ® L>c_p — j _ jJw2_<J I ^ a 2E j_E 4_^.l jjJl JwoJLp ! 
4-i QaJ 1 j 4_*5 j_EJ 1 ^jJLa JJwE 1 EoJ 1 A_3 UaJ I A_^A>ljjJl 

aSLEJI ^\ 4iLE>^[E ^Eu^f j»L>Jl Ja a J 1 4_pxJEoJ 4 jj_U2_^J1 

c->E_5 1 <Lw-vjJ E o Ej UaJ 1 o^EpV <E j_LE_^J| a_o E j_^_^JI 

EjjlkJl EELUl jlj . (HEV20) (HEV60) c^^JLJl oli 
^EE)J iuJj'yi iiLEJlj tj»E>Jl Ll2jJ \ ^j_jJ_L-J| ^EE^f 

^js>z^S) iolp^f *E ^5EI 

jJ>z-S <ol_pj ^3 1 s f- Jj>E 1 4_^*jJE .ASUaJl «:> jij 0jjJ_)W 

1 j L*J 1 E&.xJ jj y) * E 1 O 1 4^a> I j_\J I d-E? ^X3 1 1 Ej UaJ I 


246 















. EPRI 3—1 jj Jij C02 oliUJl : (10-9) JSbiJI 
. EPRI (2001) ijJUaJI 
<Lsl > oL5"j^J I Olj \*s>- ol J jI jjjJi aJjULj 
1000349 EPRI jjjZ 


<lJLo3>-j AjjI t <u5 * y SjIj ob *\j yS jJ jJ a!zs>^o ^ I j_>cJUa> L 

oJ_)wLP 4JL \Sj>z~a e-tal ^JwO I jS' < J L^v_>- ^_j .AJLoJl ^3 50 (_£j L**J> 

(O j_*J L> Lg->^g.->tJj 4_~oijjJJ 4-wv-o jJ 1 toLS'Uc^Jl 

I jjLs L c CO2 j Lp o U U-o I <_£ 4J I c ( 1 0 — 9 ) ( ^J^Sn_*xJ I 

.oLS” y^\ <ol2L! \s\s>^o 


^>wLaj ( 1 0 — 9 ) I <CwLw<>J I CO2 jLp cjLjL^-oI 

0^ Jl 1 1) OP-Ld-^Jl 0 J y^P 


ol5L*_J! ^Jl AiLv^^L) OjJjJL 3j^lS 1 ^UaJj 

I CO 2 jIp 4j*4-2j2iJI ‘uS" ^>Jl <u»vvjJ L .<L3jJl jLp 

1 ojcS 1 4^>e_Jo jJ yj\ cLU^ 4-^5” j-oJ L ^Jw~o 

yO ^JLJ| t^iU^ 4_3Lv?^[Lj l 3 J_3 jJ I 0jj3 ^ L>J 1 
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aJL>&J| ^A dJJj .4_s5j_oJl ii y>eoa aJa_^Ijj ^ Jj>d~*w<>J I y_> J.JJ I (_$} 

jA ^jj jjJ I o *)I i (HE VO) t4i>£dj>Jl <c*j>z^}\ <uS* y>Jl ^J) ddJL J~o2j 


Jya L 4_»_dJl jLoo 3 j3 J I — 0jj3 A3 Li? l)Ij C JgJLs 
^lp ^ I OpLa^JI O-w-jj . 4jJ»JjalJl 0 jLwJl ^3 Ao Jj>d~wgJ 1 43 U 2 J I Jjj>eja 
^y2-o2->so ^o t Lj J_Jo2jJ I A_s_S” ^JL AjjLJLo (HEVO) y_dJ jdL^o 

L5^*Jl Jl JLdML .Ljtf ajuJI J 30 Jl JU^I oUUJ^I 
y-o JJ_aj J-p i oSlI ^a CO 2 jIp oLLujI Joo>eoa oli c (HEV20) 
(HEV60) a^S* ( J) a~»*jJ L LoJwo c L j_L_al1 1 a>s5" ^JJl dUL*-ol <-a.«p.] 
Aj I AiL>-^>Lo ySLooj . Lo Jj AJdJl ^3 60 ^J) d lo L*_o L/ 1 jJLs 

JoO>eja /ya 4JJ>J I ^3 7 0 1 y>- i] Ljfc (HE V 60) A^S” 1 ^y 2 J>o Lo ^3 

^JjLjdJ <jl ^yZjZJlJ I te-L^g^Jl J-J jj Jya L^o>-LlJ ^-Xj d lo L*_ o ^ 1 

A_^o-A| ^Jj ^oLjJl oJ-A o .A3li2_U ^Jjl jJ-o 2_L-S” ' j L*J I 

llko (jl 1 Ob 4d>cjl 4^5” Jl Ao>c_ol I ^Jj (JloLo^l 

do LS" J l MLo .J_*_*_J| (_£j_x>Jl ( _^-Lp ^Ijjdoa 4_olo j-^> A3 Li? Jo j Jo 
Jya AodJLo A_JLoO>-^/ 1 AsUfiJl J>jO>*o A_LwvwLo ^3 A«o Jj>cJJ-vwoJ I £• L 1 
L) j-So o3 j_o L&JJp C Aj j jjJ 1 A3 LiaJ 1 o3 JoddJ 1 A3 UaJ I ^.«2>j 3 L>o 1 

^jJLo y_> JdJ I i3t>L^JLol ^Jj SJoLp CO 2 jLiJ oJ_o>-Jl d Lj L*_o Ll 1 

JoO>cja <j| ^J LJ Ij j t 3 j3 jJ 1 A>xJ L^ja (J *^L>- 0 A^S <• dS" 1 

J\y- oi^o (HEV60) a^JI Jl JJL C02 jU oliUJl 
d L5 jja aJ 3 U J^o (J Ldj lo Aj! 0 JJ 3 ^J_*o oi j_o /^Ij-P 65 

dLS” jja ^jja L^-X_*jiO>- AJ 3 I 3 ^Jl t Aj J_J_Aj d L^S" jja ^yi L^_^s_oO>- <dJ Lo 
oi j-o t(dljl*-ul j J3 ( J^o ^yL ^ Likj ^ja L/AjI) t(HEV60) 
t Joa /j»| j£> 65 ^Jl Jj- 4 /^l j & 420 yoa CO 2 jLp dloL*_ol 0 JJ 3 
^IjJddl jLJdl L)| IJ_SLaj .Ad>Jl ^3 85 ^y^lo2j>col (J^Lxo Lo J-&J 
A5Ld Jl <Jl_Lo'yi ^o jya I^J L t^j-voL5_LJl ob aj_o>c_^J I dL5 ^-LJl 

aJo J? ^Jj j_i? oi t CO 2 jLp dLLo I yja A_oL 

A^o«-gja Ad?- O^oa iiLw^ .d’LS” y>J I yo AJ3 jJ I ^ Lp ^ l ^ yo JjsxJ I 
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Lg_> I jjLoJ I I c Ld_EJ I 0 I 3 (HE Vs) oL^S” j_L-U ^ j_>-l 

<jl t<j_LoJl jS'l j-a ^^3 j»L> ^ l ]g o L _5^ 

» j L_v2 _U 4j>xjLL<iJl <zjd> yd \ jol js* oljLx-o'y Lo j_aJ ^»bJl dd\ i) jS sJ 

LawU_P t IJj>- jJaJ I ^i-Pj .Eo_LoJl oLx_^-PxjJl ^3 ^jL>-w\J1 

LwLS” wL>cJ ^$ESj c 4 _J Lp j IJ^j>- oj^Lj <L-Ja-tfJ J 1 j3 Ls^2-oJ 1 £.«. */?.’> 
^ys & jJk*/2 . Jl I <l)li t O LSj^J 1 Cj lS^>s^» J^a 4jU3jJ| jlp 

(J j->,/?->c Jl yd^j ^Jj>-|jJl i] 4_> j_Lla_^J I 3 j_3 jJ 1 

j^L^j jy 4^-bul ^>rrjj-E-* dr 4 j' c l£j^ J- 4 

. ito I JjL^wO 4 J jl 43 lia 


L^o-LaJ ol yd^j i ^S 1 \jj>- ow>l jJl j <u_wvsj>cJ I olj-woJi 

a5s^xJ 1 aIjl^-w-I ^3 ‘U^wsjJ I a!?LwvwJ|j c ^^-^0 IJLU I 0 I 3 4^>c_gJl oES” jEJl 
4j I ^LAwLoJl y / s t (HEVs) CaES” 43 UaJ I ^_lkx*a y3 4-oLi ^_$E i 

4^15 J yd*->*d\ jELxEl (jjj .<jL>tEl \Sjt> jd ^ jJ J-EE ^g*P 

3 j3 jJ I E*}L>- CJ ES" y<u C tAEa t 4 jj ELa ^vO EiEJl oE (HEVs) oLS" j>3 
jlEI 4_-_^Ewa l^_Lxa>o jl yJ?J y* C ^j-^JjwLs-gJl yd I 

4»^^»JLiJ y\d.d$ I yd 1 E| EaE . 02y^- yd I LE” I 4»p ^o*Px_E ^JjI_LE' 

£3 ^LoJ 1 yO t 3 j3 jJ E Ajjy J 1 ^..la.E 4 _Jj>cE I 4_JwJ I ^/2a»o La ^3 4 ^j L I 
3jJJlU 0 J_j J_>- 4_^j>tJ 4 WS J_J j_j jiajJ I ^JwO^x-a J^a 4_fl_l_S” ^J-3 1 i)jSd 0 I 
j_g_5LJ I J_J jjJ 1 0jJw3 ^3 1 j jjJ 1 j~JL*y . « £ 1 L> 

EpxjjJJ dU3 (JL>-3| j^SLojj t t>L*3 ^JL*EJl olSw^j 

4»jwJ 1 L)| .^j^oLiLJl 0I3 4jw^>c-gJ I o US' jd I 3-Lp 3I3JI U15 

E LoJ 4 ^Ej 0-wJl j5”1j>3 ^3 cjIjL-wEI ^_i jij ^5”EI ^3 
^JjLa t 3 jLJ! ^J~jdd\ 0 I 3 ^y2-A - J ^3 El-w-vs^a Ea J_>cJL^vw<>J I EJ_Lj 

0 I 3 c-ijjl? ^3 1 ^JaLwvJ oljLwEl ol t IJjE” ^3 

c_A3 1 j^a _U-P Eo Li j_^_S" d>~ E JjjJj yj .jJl^S . Jl <lsJ>zJ oj 1 y>- CJ L>- j3 

4*S yd I W4jL>s_~J|)) <j| C^_>o (J jJLLa3^ ^3 4ju J-oJ I ^3 0 J_> J_xj 1 oljLwwEl 
o^LoJ ojL^Jl c-aaj LEE? *L j-^5E L <1)1 oijLwEl ^Ja^a ^3 
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as>-j5 30 Ojs Lo ojl jj>- ol>j^ jj-p ^yi jJ 1 <lLj j_l? 

U5 t ' (TJ 1 ^ t/ oljl-Jl 0-43 J . jjLsaJ 1 C^>0 4 _) yA 

oljL-wsJi j <oLp i 1 1 Lwo ^3 aJ L>&J \ »w-J-p 'y 1 ^3 

^j-^JaJ 1 <^_3j -L^j>cjJ I i] I J_> <oL« 4 _j L^-PxJ Aj>-LoJLj 
( J w*i*Px^9 <UlJl ( ^a 1 iJ-gJ ia-^vj ^ j-*-* 1 • o-^jLJl 

LoJLi? ^_3 jJ I oLjjUs-j \jJ>zS» <bLp^ ‘Loj '^AJ 1 4_o Li I 4_3 UaJ 1 

.djLpLwo 8 0wL<>J y**~* ^ <J *>L>- <CjwLosJl ^S” 1 d-> 1^ Lww*J I 

Lj ^3 ^IJajJl |j_A ^JJLo ^j-^ 5 < *ws_3l_v^} OwLjli ijljjk O j_So jJi 4_)j ^JL>- 

J^Jl jLl^Jlj £_j j jJLj 4_o L> j_g_S\J 1 CjLSj_JLU ( J-v2_3 I ^Jww<>_>c_j 

^j-o 1 ^jA _l>j>*J| .jL^jJl <J*}L>- j^S3 j L^ji« ^_$LJ 1 

<LjL> A^ wlJ 1 ^\ b Ls^o y O yA yJLi \ys>- I y& J <Ej.-L<jJ| 

( j-o. l C_3 y^> C ^Jws_L5 1 ^3j ^ yj (Ol_P^[ 

i. Cj li j V I oj_& ^3 L«,/^.i.>cJwfl <oLp Oj-S'L (^AJl JuljJl ^L^Sbl 

(J *)\s>- liJJ J-S” . y L> j-^5v-U w\_J o j3 I jJLoJ I ^oJa-xJ 1 o j JjjJ I yA ( J-s^23 S 1 

I ^.^2.ka o yS sj LoJj^p ^1 t4>oL^w^Jlj <^s >- LwsJ I ^L^oj'yi ol ^13 

L^-vwAj ol 1 (J ^>L>- ^jJ>c_aJ 1 0^ Lp| / ^ C ^ ^ (_5^ 

4^j L j_^_SCl I ^ 1 AjjjS ^J^woJi ii ^ ^ 1 ^i-o La~U_P 

^ ^L^vwa ^3 4 j j-wsjJ 1 W 0 jjb ^ijj (j! .^IxJaJi <Zj\ jl& 

I Jj>cJL«-a> 1 5y>-j 4j>c_Jo t ( Jw^j>cJl ^3 <Los^a oL^j>J 


.a\j j^}\ wLJ y oJj>-j i_jLJ ISJ ^3 


j-J I oIj^oJ ( Jw 23 I 


^3 1 (EPRI) wL^_*-^ ^jA J-ii 

A_Ss_wjJ l_> j ^j_^<>_j I jl ^U^Jl oli (HEVs) oLiy 
^ j-4j O^M wL>- 1 j ^*,£>A iJUj^ ( J^3 S 1 t Li j-^Ssj I 

Cj LsS" j*. J ^>-LJl (^jL>cjJl jL^Jo'yi ‘*-3 y^J .CjL^S ” yd 1 <>■ 

iO l — j j l_jg_ 1 ^_j j)-l?-Z. 1 ^w_S" l_^3 j_pj_4 ^v_jLj2_»-JI (HEVs) 

^a j_j j_xJ 1 j_L? j^_p £_jLl> OySj l 1 

Jjj-LsJfc oLjlJaj J^l Cbw»s-W^lj • 1 L^Ay^J>d\ 
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Loos jA ^Jl jJ>- 4* S ' jj 43 U: PJ 43 LL> Aill^j — OJaa ~ 

^jA 1 j jJ&j ^ jJL-vw^J Lj (. 4_ws<g^->cJ i — 4_*_*/?Lo2jJl Cj lo j Llg-J I 

4_oL> ULo j j3 ^jA (HE Vs) caL-S ” ja 4_^^jJ L> L_>- jJ jJ^5Ll)1 

c (J ^ 1 ^Lp . IJj>- \>zs>- LJ 1 4^j>c«gJ I L> j-i j-* SjL-v«5* 

(J 1 J-jL^o 1 0 I 3 (HEVs) cj L5 ^3 (J L<*-*jl*>> ' y 1 ^Jj>- I 

j \ t (Lithium Ion Batteries) ^iJJl oUjjI oLjlko oLjlkJl oJla 

A ww— 1— 1 1 L 1 ^1 ■> ^\— »— 1 ^ ^ — •_ ji t A ^-»W W— l-j I Ls_^* «— ) 

!# > 

IJlp j jl 1?7 L^jiLl c jjg.il 1 ^jA 0 ^5wa 4L?- j^>-> L>»& j^dJl 

•W 


^LaJ jMl l)} t o o 5 1 j_S”l j-« ^3 ^_i_>c_oJ I ^J^JLiJl ^Jl 4 -w^jJLj 

^J_p| ooLJLSLj ^Jl 4iLo2^L> t<JjojJlj JjJ J_1*J 1 jLjCw-I ^3 ^ jJL>t_oJ I 


^|jo>cJL^i £pgx_*lo ^-LxJ 4 j >-j j-oJl Ca Lo L >0 j j Cj E-S" j-oJ I i_43 ' j_oJ 

j»L*Jl ^JJLlli L) jS* U/2J I (_£3 jj (j! J jJsS ^ Jl Jj* L 4o? L>sJ I OljLw**Ji 

t J^y> ^ ISw 3-lP CJ (JwLo ^3 .4^*-2>j ijL^Jol ^iS” I *^kjAj ^P L>J>tJ 1 

^l_P JJj ^|_SoJ7 ^_i_P <0 Lp ctU^ (Jj-^-J 1 3 j_~« t <LsJ Lp 4_o 43 L lS"j 

JJE ^Ui-j jl o_>tJ oIjLLl3 JJL« 4_>- j_^ 


r 


0 \j 4j l_JLo 


jLig*-^! l)J .^j3j> 3 4_^>- jj jL^o 

I 4 .Lp (J j)..>,<g.>cJ 1 ^3 jJ I 43 li? ( Jj>- I 

c_3 LaJJ-P C 4>j I JJL^vw^ 4_Jj 

t4JL^3jJi Ol jLp Cj Lj l_x_o 


43l_I^ ^J_) j^-i?-l 1 ^-Lp 

L^-jj LsajI j-3 jJ 


t l)wL« ^3 j-LJ I CJ L jJL~v_a 4iU^)( L 

A^gJaj V 4^~oLwo*yi 4«LpjJl jJ 1 ^1 p ( JwOwxJ ^ 1 ! 1 oLs^LJl o^Lp 0 

j»|jCL~^Jl jEj>cJ| jji^j jJJi tO^LoJl oJjfc ^3 4_^LxJl I 

L«l c L^IwL-jl^oI ^j-SCo-j 

jl t j_iaJ 1 ^j_P ^jIj j-^5 4_^j>- jJ jL^wO ^*IwL>cJLwoI ( j-^ 5 oLoljjJE 

^J^5s-JL) l f^\ 4P j3 j^o is> ^Ja.>- 4_la_^A>l j_j olwLi-^Jl j jjJ 1 O Ls^ Lo 

>t-7 .4_olo 1 O lj U 2 - 4 J I 4jwL*-j ^jo3 4 o3 Jo>cJL^vw<)J I cii-EJ ^Jo LwJ 
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^3 L^> j. c o j_j ojjt j I oL^L ^IjU-sJLwU 

L l_L>- A^Acbj^a *\j j^S C_i_JL5o bg-jjJ ^U 1 C ji jJ\j U ( JJLo U^ 5 

^Jj-LU Jjl^a A^a> Uo CaU<abJi oJ-A O jJb> Jl ijp^ J jA<U I ^y» 5sJ 

4^j>cj 4_jj UJU ». i c .c^ljLwwJl j \ U^>_U I cabvaLJ 

JjLwo f- L j_^5vJ I j>J jJ Uj a^ 1 jjl^o 1 j£\ ^3 j»UJl ^JJidJ 

.A>jjJi AsUaJl j\ o3Jj>*)l<Ul AsUaJlS” Aa 1 j 3 b*a-« 

ol^UaJlj oljlksjl .3 .9 

^JUbj^U L,<gj I J.A ^Ss^vsJl ^JJiU 1 Lo ^3 ^JwOll**w<U 1 ^ jij 0} 

^w2j i)i ( Jw<>jl>c^ji j-*j 'y i ^Ipj (.<Lj)\jj^s}\ A3 UaJ i 

£_3 jJLoJ I .(l)|jJ~Jl ^.Ja,*->3 ^3 bUla- j_A Low£ aUJJL^I jJLS”! UbU 


-LoJu^/l 


t 4 r 


<j* C 

(_£ j ^A>- *)l I ^ ^3 jJ I U^”* J J 

*[j ^_g_Sb J l_3 J_) J_>J 1 cLLSs-^vJ 1 J_) jjJ 


j3 J-J jJ Uaj ^ I Jj>xJL^> I 

A>j jjJ I A3 UaJ I j A3 UaJ I 

.x_j .A LjJj>oj l) j_j jXJI 

C Lj2_s_-vw0 Jws_>- ^J-SUsXo L^VW^»^^3 

aS* jj>- Ca li US' Cj U ^JbxJl J^Ja L^o ^3 Lyg-J 1 ( JJLj j3 L^woJ 1 

J jj>- jJuUl J tUj_)_Ul 2j-9j jbx_*. U <oLj .4_Jlp Ajjj j~a 

(J ^j>cJlU J-ila*- UbLk i)y£j c_3^_^*i c aJL* 3-U I Caljlp j ^ I 

. ^aSwXJL — (J y^> ^Jj — ^JJ AoL j^> Cj I jia li 

^IjJL^vwO ^ ji J jJw2^ jJo_) <1)1 LoLoJ 1 jJ 1 

oi v±~^ J^' <>■ <y 

(l)li ^j-jJ U>U I IU-S" ^_ 5 ^J **U j_^_SsJ U Lo-^Ja.) j ^ 1 1 ^^wJ Ua ji J 1 

^ j_3 jJ 1 L^OwLAj t ( jj Jj>sjU 1 aJ j.. j C IJj>- <lU L*J 1 A3 UaJ I A3 U_S" 

. (_£ ^>- I AA) J^2J b^ip (J jy/9 >U I (_^*_vaJ I ^ JiLJ! 


^i^*j i jU>u i (i)jjo (j 'y 


j *y u ix3 yj> ^jj uu i ^ ^3 jj i j jj* 


JaaLwo jJl 


OwLA 


(1) i c O I jJ UaJ 1 J ^j_AwU 1 JujJjU Jwsj>- jJ 1 


J 1 


.J^ *yj JJUJ JjLJI (^jji^'yi ^yjJ' ^1 


^Ua_i .AjUUI CaljjUaJl 3 j3 j jl t ^Ja_A> 
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I ^3 8 5 Ijco (J tASLsXu J-U 1 l 1 ^JJuJ I <Cwo_*^ j t ^ 1 

A_o Li j-g-S* A3 Li? ^J_P J~^7^ ( J-^s-JLj *^L»-*-J l ^JJjjJ I A3 Li? I I yA 

-Lxj C Ao I A2 j j-^2j I { ^S>- j jJL^} 1 ^Lp ^S>~ jl tA^aljJL^a 

\*y>- {£ jS>z-^\j j_>cJ I /^-P Lja-tfJ 1 A3 Lia_J \ ii ^L^JL wx ' <J 

j I I LJ L> j . L^tJ I A3 UaJ I ii *>LgJL^ I Jw<>j>c^3 | ^Jl3 

J JL -^ J- 51 — ’ J-*-*-"-! CrS'^ h -^' 1 Cri^ j^- — i 

L)} 3j t 4 _Lj j_>c_j j L) j— > 1 yj>TLj>- a_>- L>t_! I <jj3 

I 3 I . I J->- *}LJLn^ 0^-^-'-~‘ ) AJLs3*A_j| CjIjLp CjLjL*_o1 ^j3 Lo— g_>3 L^_s» | 
a)L> (di-ta L) 1 j^p a-*) ^»JLp ^L«^-l cJ j-*/? jJ I 

A_LJo-o A_1j>- c5^ C5^ aL*-Jw* A^33 oIjLp i]Lj* jj-^o Ml 

J j_L^J 1 jl (_£ I 3 j3 jJ 1 l)j^J (1)1 I J^o3 t A3 li? ^Jujj?^J 

L)j_SLj L) 1 . Ca Lp Ua-dJ 1 oj_A (Ja?- I wLw»- jJ I ^^JjL^JI 

^ >1 (J -* 5 iSj-^- l£j-£->*-SI 3^_3jJl 


.>15 j->z~o Jl ^3 Lyg-j 1 1 jj*> 


r 


^j_SCo_j j c Ajj_>c_J 1 oL5 I 


^JwoJLpx.^ J Lww« .1^Ll& .A^J, * ^ 1 1 jj j)-i aJll ' JU_p| ^-^3 Aj L<i)J I 

J-=r' jl i_j > Ljws_^3wJ I d) * d) I SL^>_j ^ j)„ « >- 3 J 

t^l^jia-Ml cj L^_owJo 0 I 3 aj jj>t_J I k^-S*I^LJl oLS*jj>c^3 ^3 
cLws j>- tOl^jUaJl lj |jj>- Lws^ Lw« ^>x^J 1 3 j3 jJ 1 

AiUaJl A3 Lt5" L)J t *>\JL« .lwL>- A ^.^? A >c_La 3 j3 jJ 1 IwL^J A3 LlaJ I AiLlS” L)} 

3 o3^j>- ^ oL I dJJu C-4->,<gj I <J L^o-U ( Ao^j I ) A^P I 

c_3 y*s4 <-J ^-li2»Jl (J ^jlw>Jl Ojj L)1 t AjL^JI d3 1 ^jUaJ I 

.A_wvoLj A3 Li? J i ^jJLL> 3 ^-Lia-P^ Lj>sJ 1 ol j-j LlaJ 1 3 j-3j L)jj a_^— sA> 

Ljs^o 3j3jJl Lg_3 aL--a>“ 0 ^jliaJi A^wvjJ L C IwI^Laj 

C_3 J-wO 3 j3 J_S* (J J_) IjLwoJ 1 ^IwL^tJL^I (jl C I JJ-P Lg_JJJ ( Jw<>->C^3 ^yO 

• I ^ j w^.^c-1 1 ^ wX^cJ 


L)j-^j J-i (.A % ^ks' yS\ 1 t(Jj_L?l ^ I 3 !>LJb jl 

(1)1 ^->3 .^jL^JIj ol jjQaJl J^3 J^S” ^3 j»|j_ 
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o IS L a_j j_iJa_3 <j jSCj o_i j_^j J I ^3 cj I j_ScJ 1 

^Jj t 4 jlL J a Cj1j-JcJ| oJ-A l) jSo o_3 j-~3 C 4j ^>c_J 1 i^sSI^JJlj OjLUl 
Jjl J^JCJLi OwL^eJLgJl olj jJ I ^3 4o j_PxJ I cJjjJl C^wO li t <13_LL>J I 

.1956 ^Lp j j I ^ j3 j ^J^- J^o-*j a>-Ij S^jUaJ JljJ^ 


Jo J_>c_J lo ^j3jJ1 L) jSs_j Jl c_o>to 5 jjliaJl 


cJ f U^*J 

- c Lo jjil 


250 ^Jl jj>- Ojl y>- 4j>~j3 JJP <Cjy>z3 ^JJLLo <jj C^. 

4o>-jJ JJ_P 4 -i.lg.L 3 L Lp jo j jSL s 3 j_*o C 1 1 o1o>to LjjJJs 4_>-j.} 

L) 1 jJa ^JoJjjI JJ-P j3-s,<gJ 1 lUj>o 4o jJJs 4_>-j3 60 ^Jl jj>- Lo L p ojl jS>- 

oJj>-jj Li U>) LJLp 4^P jj Li Ua Lo2jI JjLJI j*L>-jjJ-JJ .j»ji 35000 
2 . 5 Jo L*o 03 1 ^ j-i jJ I l)jj j3 ^jJ2jis>zJ o_i j_*o c>5^ ^ ^ ( 4_1 _xSC_3 1 

5 j3 jJ I Jj jl L) jSo o_ 3 j_*o j • 4 j LLJ I Cj I Ji UaJ I ^ j3 j £3 Dj ULj lo Lo Jaj 

Jo^IjI J 0 J-oJ 1 otLio JU lo^jUaJJ ^ j3 jS 4j>c_o^lj Lj~o>- ,j02-L>*oJ I 

j_o>- (^ o>tj>cJ1 0 J_g- jo LiUaJl) 4.*/?.i.Ljw<J I 43 UaJ 1 LiLS o^«j 
^ 0>cJ>- oJJjoj) ^0>eJ>Jlj . 4j Li-J 1 O I jJ U 2 J I ^ ji J ^O Ljj LoJ L) ^JoLJl 
l)j_^o o_i j_*o JoLJl jjJo^Jl ( JjjJo>cjJ o3j_LJa_^J! (.ij3jJl <jl^_>- 

Olo c *) \JLo . 4j UjJ 1 ojUaJl ^ ji J ^*o>c_>- ^joj jj I olj3 £jjl ^J I 

( JSU-A Ojj ^JLUloj t 1 j_o>sJl L) I (NASA) Lgo j_p I 

^LS” ( JSoJo (_5*-U >«— i ^ ji j oL)lj^>- Jy 9 o3jJJa^Jl o^jUaJl 

4 J Lo 2_J I ^^Sooo . ^/2USx_<)J I ^j3jJl L)jj 4 ^xJUJ| U>t_^J 1 

4_goLsL3 0 j j_o2_> c 1 0^° J^L-Jl jjwL^Jl ^IjSxJL^I 

o ^Lo L>- -b j^J JjLJI ^a-JJ I jUUl o^l L^_3 I ^Lj^JJJ 

4_>«^jJL o 3 j_Lla>J I ^o>cj>J I L)| ji jJL (LNG) JL^Jl jLUl 

I ^j-JwJ I 43 Iw\StJL^I wLLP LwJ-^> (jJ J^>- JjwL^Jl ^ j3 j 

J L>J I 4J^- jJfc Loa ^ j3 jJl ^>s-jJ I ^->«3>J 4^-vJ Lg_)jJ 

.Ol^lkil JI vJL 


jj JjLJI j^-jjJ^JI jjij ( _ r L> J-«->L 0 jj Lla 0 jJJ <!)} 

4Ja.~» I jj 2003 j 2000 ^ 3 Lp ^j-o o I 3 S jj3 J *)L>- ^ Jj>- JSLxo 
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jl j*l JgJ 1 4.P (Airbus) j^j! <LS* ^_jo c_jL)Ij>o 

(Cryoplane) ^jUI ^waJl jlSj 

r .i^j ^ ^1 Ubr L^UJl ' 0J I J_>sj I A_>-j.i oU Oljlj_>sJI 

0->*J Aj A_>-j.} 250 Ojl J>- 4j>-j5 J_tP AjL^JI J>*jJ 

AjLa_! 0 j_jLL? <t~>-jl J-J A_A_Lx^>^ oJ_P (jLSUtil A_^j|j.} . J A-ygJ I 

. (A380) c_aLSj ojjLl? ^Jj I 5j_^x_v^ 

J I o^jJ^a o^jLL 0 J^3 (1)1 A^ljjJl ^ OjSj LtLoJ I Jj>-J 

(Jj_*j 2)1 ajUjJI oLS* ol j oU o_>LS* 

.o^La5UL ^a>LaAljI ijj^ JjLJI j ^Lp 

C^-oJ A_A_Uj»^ ^ L>sJ>- I ^3 o I jJ Q? ^j3> 5 jJ I O 111 Jj>sJ A_A_Ujt^ £_3 I JJ3 

oljljj>c_! aJ_j jb oliLwi j.lg" ol ^jll? 2)1 Ja>-j jJj c Ijj 

^2 a_J 1 ^ (Cryogenic) lo>- oi-i-Soi ojlj^ U»-j.i oli Jjij 
. jlo-l co^jliaJl ^5 (J^Ja^Jl (^ji^Jl o^jUaJl 
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^1Jluul 6 .‘iliUsa (jjljj - 10 


^•3 L>_j j 43 UaJ 1 ^i_P ^ b>eJ 1 k^UJaJ I 4 jL LwJ 1 <J j.*., £>.£.] I ^3 bw*» j3 
^3 ^»JL*Jl 43 UaJ I k_*UJaJ 0 U 3 jii\ 43bv2^L t Lg_j 3 j jjJ 1 

^^>0 b_>_U 43 UaJ 1 obJJajLa J5 bl 4 ^lJL>- b_b3 b biJ3 j_*_> . 1 

* > f. 

3 j3 ^J I ! 4_Jj I 43 Ua j3 1.*, <g,a 4Jbbj <Jbb>- ^j->a 4 j bgjJ I ^3 ^Uj bl 

^LoJLA'yi _Lj 1 jJ ^oj . 4_> J jjJ I 43 UaJ I j o3wLpxJL<>J| 43 UaJ 1 j j j_4_a- ^ I 
^3 1 43 U 3 I (, J yA>- ^ I 3j3jJl ^Iwl^xJL^'y 4_JL*U I olj-olUU 

JaU-U I l ^ * *4? >■ C3j3^Jl jJ ^ I OwLgJ -Labfl — JjjJa Jb J , ill (J ja>- 
oUJl^'i oULSUl^I J^l ^ J^JI jLS' cj.UJl 

4^>~b>Ul Ub3 b Jij .jso')} b ^L-Vl ^_gJ I 4-1 j_Lj 43 Ua j3b*a^s 

3 ^3 I ^bp *-b U*J I 3 boJLP ^ I t ^jj ^JaJ I I ^bp ^ U ^a»tU I 

43 UaJ I ( Jw<>-Px^o obJJaJLa ^yi 4 JL 0 JI ^3 80 (_£ j ^ I 

UxjIjj . 4^5 1 JjLwo 1 J^S I 43 Ua j3Ls^o L5^ ^bo^lpbM t Uj jJ 

4Ja,~» 1 yj j jjL>- *)I I 3 j3 jJJ ( JJiJ_Ji ^/2_x_> ^y 3 ob*3jjJl 4_^3 bw« 

b^>"jJjJ^Ul (jl y° pJZ' j}\ ^bp wL^vsJJ Jj>o j Ja>cJ>- 

IwL^j ii ^amU I b)b J^b l I j^>~\ .^Jjbalj 1 0 ^Sws Uj>- ^>3 ^3 bbU 

^Jajg-U 1 3^3 jJ I ^^>9 j ^JfCS i 4 j>c_Jo bl (_£ jjJU>- *)} I 3 j3 jJ I 

^Jw»/ajU 1 |J_A ^3 j . U_>jJ ( JJbJl ^Jaj Cj b>- b>- ^_la_x^3 4jJ_*jJ ?-b 
t Ijw ^3^>bo l)I ob-A Ji* bi <— ^s5” Jj c_3 ^>-^1 

^bp jjJalj bl 4 J j^l 43 UaJ 1 j3 L^o Ua.^b>- bl bs5* {£yj 

JabbJl lb-A ^3 Cj 1 J*}>cS\ blj j wL>- 1 jJi b 1 ^^b ^ 

^3 CJ Lv^b->o j 4^j>- jJ CJ L™>J Ja^3 ^3jj c_3 j_~« jJ 1 
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Li ^£wU 1 4 dJl-^-*. 




A3 UaJJ (J jJL*~a jj jJa-j ^Jl Lyg-J I J^-SJ 4 o J_A A3 LlaJ 1 A_iJ_S” 

.^JL*Jl * L>o I c_iJ^>c^3 ^i aJlJ 1 oLoLJl j 

4 A>J j3 j\ 4 A_a j3 jl 4 A_Jj>e-a 4 A3 UaJJ aJ^>- J^a I <l)j 

^JbS' ^3 Lg_j j J j>c_^ 9 J A3 UaJ 1 ^J_P 4_UJaJ 1 ^j-o ^ jUL*-- 13 U J 1 j-j j_A 

^JaJ L l_A «J jJL*_aW AaJjj .Aj^LygJL3*y 1 C*> Lp LlgjJ 1 

^Jj A_w~jJL_3 4 1 l-Lg_j 

A^a j-o-A Jj>- I ^Lijj L 0 J 1 A3 UaJ i 0 j jj 

<U^o UjLa j L*_~a I j | (( aJ jJL*_>s AaLSsj ® A>U-S* J^SLo-J 4 A_a j_J 1 

<1)1 4 AjLwJ 1 (_£ j-s^Uwa j| AL-JIj ^y3Ss>-zji A_^jJ U Lai .^Jj>-_XJl 

A3 UaJ I ^J_P JJU 1 3 UaJLP I J^a ^JJL L>_) ® <J yJLx-A ^ AxU-S* j-+~JL J 
A^wwjJU 4 \j*S>-\j . Lo j_Aj A3 UaJ I Ljla-La- A_*JjJ o3wL>eJL<J 1 

I j L*-^a L ® J jJL*_a )) A^JJ A_^oJ Lp A3 Ua aS* 

Lg_i l j Lxp U o_Lsa>- U j I ^Jp J j.*,<a.aJ 1 ( j-a a 5 ^_jJ 1 oJ>A 
La- jJ j^SL jJ j-la.ll jl 4 o _L> J_a- AoIj_LwA j-Jj-S” j^L^a 3l»ao^J o ^J La 
Aac_JlUl j • (_£j j-Aa- V 1 3 j3 jJ 1 ^Jp 3LaJLp S Jl j/LJ 2 au ^Jj i^i-L^J o_L)_\_a- 
o3Lp ^A 4 La L*J 1 A^a L~J 1 ^JjL^a ^Jaaca ^3 <J LaU I j_A LoJ 4 L LgjJ 1 
.A3 UaJ I <JjJj>c-a ^3 j->Jh 1 Ul_va_jJl 4»L_LLac_^a ) Ja-w» jJ 1 ^J>J 1 

(_£3jJ oLL« jj jJaU 1 jl j_oJLwoL oLS” j-LJ I j <J jJ j J-w«w<U 1 

AjU C^3 jJl ^3j 4 aJ J-A*-a jLcw*>l A3 UaJJ j^JL^a <JjJa*c*a ^Laoj 


. A^wJ I 


C5 3 


A3 UaJ 1 


r 


ALwo I Ca I j*j L 


3 c-i ^j-w 2 -Ao A3 UaJ 1 4—UJaJ I <Jjl j-> A«woljwU 

J_v 2 _i aJl ^3 oLwajU (^JJl ^^^SoLwoW la la >c-^a j| 4 A3 UaJ 1 (j-3^Lj la la La 
A_*_j LJ oLjJ-*-oJU 1 wla- ^oUl JaJaa^_oJ 1 1J-A ^lAaAL-al .^jLJl 

aJ a_A> ^^J J ^ 1 jwLv 2 _^Jl J^a 1^_*_J J jj j A3 UaJ 1 j_a&J ^JL> 4»U_^S” 

oJ-A J jw2jJ la ia-ac-a ^lAaxJL^a! . A_o Lg-X J I U ^LgJLwa 1 

a I ^3 jl wLa-lj jJ_> ^3 LiJ3 <J LS” ^ 1 j_~*j 4 A3 UaJJ o J_A*_^J 1 Cj 1_A3 JjJ 1 
. LoJIp A3 LlaJ 1 (jiJJ C^>c_J jl 4 o 3 J^Jla 
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A3 UaJ 1 A_^U\J Ax_j oj Cj UaJa.>c-<)J 1 0 J_A _LwAj .Aij 

l AjaUj>c_^ U ^LgJLwx ' JaUL J_> J Jj ^3 ((owL-Aa aSLL?)) ^lw 2 j ^U 1 A_J j ^ 1 
^)p <olp C o3wLwO Aj L^jJ 1 ^3 ^w2J I (( A*J LjJ I )) A3 UaJ 1 A^Sj 
3 L/?.l3 jU O LkJaj>g^J ' j^a I iJjfc ^3 jj UUaj .a^jLs^ Sj! y>~ 


aJ^_woIjj o3I_\p) ^JJl c 0 Jj>xJLoJ 1 cj L> j/ j_U 1 


^3 j-Aj ^OwL>cJLoJl Cj Ij j/ jJl ^3 AsUaJl ojljjJ -UL*Ji j j_a j -A.U 

S^^Jl oUak^a jl .(US DOE, 2005) (1-10) JJjjJl 

Jala>c^J ' j t o Jp Calj^a ^^iaxJ oA>w>J! oL^I ^3 AsUaJl oj I jj ^3 
4jS? U?j_^ JLula 2002 fl*JJ (1-10) JUUlJl JL^\ 
10 18 ) 103 iJjVl iiLkJl ^Jl^l 

^JJLa ! Ca La I wU-cJL^o'y 1 c_AUa>c_a ^3 a5s_ 1 ^ ^ -oJ 1 AsUaJl A-Lo- *2>.la t (J^j>- 
^j>sj .oJu^)M ^Lajj Ao Lwo-^SsJ 1 A.J j *y 1 3lj-oJl ^3 ^wL>ul--vw<iJ I <J J 1 
A^_a- jJLoJ 1 AsUaJl CJ 1_A3 JjJ A*^j jAl) I A> jJL<U I A_~*vjJl J_)wL>o I Jj>- ^ ^ »■« 1 1 
^\ A3 Ls^| C O Ua.)a.>c^<J ' oJ»A (JjU>- AaU?«t^U 1 UjLgJUa'yi JaUL ^j| 




Ja Ja >c^<J 1 


i jLla .((<oJL^Jl A3 UaJ U jl a_*j i_vsj i o j i jj>u i 


i c- Li^-^vJ 1 J_j jjJ ^wb>cJL--vw<)J I aJj 'y 1 A3 UaiJ AP 1 oLasJjJI 
y l J>=r' — S’! 21.1 ^jji ^ j^>cj>cJ i j_a j_-_s*'yi j-U,<a..<J I 

6 . 0 j l Jj_a-Lv*«-SJ 8 .6 A_» j y A3 Li? ^J-P <lJj| A3 Ll? (J^"^ 

0} .aJLJI AsUail J J^-L^S'I 2 . 7 j c^^Jail jLiJl J jp-L^S'l 

1 A3 UaJi *[ j A j L^Jl ^ ^w2j JaA3 L.vS'l 12.5 

27.8 U>_Lo c ^ 1 > J I Ua 1 (J jj>- Ls^S”! 40.3 

J_£Lo-jj . Aj j I ^j>cJ I AsLlaJl oLk^ A_XJ Lv^ A3 Li? (Jjj>-Ls^5'| 

^ip ^j^oj ^JSLjLi wLoJIxj ^JbiJ 1 ^4Ja3 ^3 ^JjL>-a jl Ali>-jLa 

<lJj V 1 A3 UaJ 1 L^v«_S*) 27.9 1 j-^- 5 c J Jw^ 2 -^U J j jJLJ 1 

Jjj>-LvvU , | 5 .6 jl c Ja.43 AJLoJl ^s 20 UUa t a^-\j>cJL-^w<U 1 

coL^LjJl J L CJ 1 j 1 1 1 WowU-Aa A3 Li? W ^Jl LfL J->c-J 

J j 1 i L) j^a J jj>- Ls^S”! 6 . 3 .0 1 y UaJ 1 j c j^-AwU 1 j 
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2002 — 43 UaJl j L)^>- ^3 4>- j ?} I 

.Uyr 10 18 ) JyrLS\ 103 J^Jl SSUaJl jlo; 


JU j£ il 0.08 



.2002 :;j^uJI oLV jil SUJI Jix : (1 -10) J5Liil 

Annual .AilJaJl oLojJjc* Sjl.il coJ^>tioJl oLi'yjJl ^ AiliaJl Sjljj ! j»Wa^Jl 

Energy Review 2002, DOE EIA - 0384 (2002). Washington, DC, October 2003. 

L I ^bol ^JjLa 4jllx^a jsS' O bk-JaJ ^3 C L^ajl 

103 Ji 4 JI 3 y>-\ <^s- tw? 

c2002 ^ oLMjJI LJjVl oik) I 

43 Li? j 0 j I y>- jZ] 11 OwUjLa 43 Li? 1) OJ IS” kj23 <J js>- 3 7.1 i] b_A 

viols’ J 6 . 3 j oLS” I j Lv2-^J I j JjLuJl 

cLo IS” (Jjj>- 1*^5”! 59.3 1 y>- L>Jwo c 3 j3 jJ L> 4^J-*Jla O L^-JaJ ^3 

OjljJ>- ^j-vwoj j-JLxJ J t o3wLwa 4_3 Li? jl tH<Lx_)L^ ^JLi?)) 

.4xj Ls^ 

4j ^L a 4_^~J l?i?3 o^ApxJLaJl 43 UaJ 1 (jl ( 1 — 10) 1 
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COwL>cJLgJl jJl ^ 43 UaJ I O UUJaJLo ^j-o 

^^3 J^JLsXwO 43lJaJl ^JL<>j>-j ^jA Lo j-Aj 4j_^J I ^3 2.7 1 

AiUaJi J^o Lo 4)l^J I ^3 3 .4 .iJLjfcj .ioUl 43 UaJ 1 

4-3 LkJ i ^j-A ® ^ jJ>- I W <J LS\_*>< I j 4_j j_^_>c_J I 4_l_l5\Jl ^a <LAJL JL-o 4_J j ^ 1 
^3 4 j j_^>U 1 4lxSsJ 1 43 Ua ^y* e- JgjU I (J L LUp C o3A>w>J 1 

i]Ljfc (1)15 2002 j»Ip .^3jjJl 4 pIw2 J^o c^pU^JI 

4-JjVl 43liaJl J^-o 1? A 3 4_LoJl ^3 0.9 I y>- 

.*\j j^£}\ J-J j?} 4_o LoJ 1 <LjL 43 UaJ 1 o3w\a>tLo j 3L/2>3 ^j>3 Lg_4p 
^1 p <JjjJi I ^Lojp'yi Lv2_jI ( J5UjU 1 

-LjjJJl) j I 3lj_^_S* ( J^5 \_JLjj t^LarUl kjjj 1 jl t (J j j-l-J i 
^J5 Cjlj ^UJi I pj t^JJLJl 43 Ua ol>L>l 

^3 JL>Jl j_a U_5 c SwL>tjLoJ I oLVjJl ^ 3 j .?-Ljj_^_^Ji J-J jJl! ^v*-oj 

^Jp 4J I 43 Q 2 JI ^jA 3lj«JLs»l ^Ju t^jJLlxUl ^JL*Jl (J j3 ^-1 2-*-A 

1 43 UaJ ' I ^_osJL^ I 0 l-o..*,^.) ^U^JL&'yi ^Jj (_£3jj_> Uo c ^ l_>- Ja_Aj ^J»5 \_oj 

t4^3jJl Ol jLp Ca U Lx_o 1 (J jj>- J-g_xJ I J->cJ 1 4iLvg^flj 

^Jp ^LoJP^I ^jp JjIJu 4_j J_>o j JjJ (l)|j_LJl ^-Ja.*-o £-3 J_> Lo 

^ 2^0 4iaj>- t>Lo Lu5Lo-j . iJj *y i 43 UaJ 1 ^jA jj Lwo ^y>Lss j-^>- *y i 3 ji jj 1 

j-o ijuJl ^ 90 2002 j^LJl ^ ol C (1 0-1 ) 

3 j3 I \jA 4 jll*L«o Cj 15 0 I O L^y jJ I ^3 4_J j ^ I 43 UaJ I U>j>-j 

l j l_P j I c ^ U>- Ja_A . i l ^C, j_>t j>- ^ ^ 

'y 1 jwL^a-oJ I t L) ^ wL-^ 5 I ^ Lol ^ ^ 1 o3-A ^w<>j>- j 

. 4^3 -U 1 C^ljlp CjUL^-j'y 4_^g-&| 


(_r^ 4j>M (jJl J. 

^51 43 UaJJ 0 J y >zji 




l U Lul3 U ^ ^ ^ ^ _jJ 1 ^ 


*■/ 

J^'^' 

kw^JJa OjIjj jLio'yi IwLo L)1 Lu5L>-j <~JlS 

. 4 a I JJUa> I 


^.Ja-x-o j^-o LJ ^ j jj2j>- ' yi 3j3jJl J^o IXv-xj iJ ^>uU 1 


o! 
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/j o3Aj>*JAjJ 1 A3 UaJ I ^Lp ® J j-v^j 3U>Ap'yi ^1*. J A3 UaJ I i ^y» aJ j V 1 

c ciJJ3 J}_2 L>*aJ aJL Jb UlAA . U5 Lo~a <2JJS Oj-^j ^LwA>- Ajj jjJl A3 UaJ 1 j \ 

Lo jJLi ^i^J 1 U 3 L 0 API ^y2^J!s>zZj t LU I ^Jwv^Jlji ^3 L-JLs U Lo-S” 

JULo^l A_k-s»lj_j (jJJ-ij c JJLJl A3 Li? j^woLJ j»L>Jl 1? a U ' ^i_P 
. ^JJlU 1 AS UaJ ^J^woj ( JwO L>*5 ^U L*_oJ I la.i.U I O L>*JCwA ^ Aj e- b j-g^J I 
^^j|jJwwAj_ij_SLJi LoLvSJLsU (jLflJo'yi Aj I A_> J| iJjk j^-iJ 

( Jw*ajUl ^3 LjI J Lo-Sj .A_)A_>- ®^jL 3 Lyg-ls 1 )) L>tJ 1 

U^L^jaU aA^JI ^3 25 ^aSJ Lr^ 1 <JJbJ 1 

oli AU^JI oLS>Jl» Jl ^iUl jUbMl Jl caJ}S|I AiUaJl 

^3 1 Lx_*» 


>> 


LL.:.; 


. LU 1 ( ^Jwv2jsJ I ^3 La bJLax_> l ® 1 

3 j_s j_Jl ^_>5 jlj j—U l 1 U_a jL5 Ujj .*Lj 1 ^LajI 

c_3 j-wo IJJ t l) j-> j-^J 1 ^j->Jj>c_jj ^_axj>- ^1 Aj>eJLwU <Jj3 t <_£ j j_4_a- ^ 1 

jl,^^ jjj Jaj oj .aJAsaJI CjIjLp ^ LlJ ^3 j*J*~*p j ^jP^j!s>x-) 2jLwA 
AiUaJl Cj L>- La_>- 1 U ^J_P j*U t ^JL_4 j>- ^J-S\_A-i ^IAJL^vwO e-U j-^-5* 

v, UJaLo i^_3 t ^ y>-l Aj3 [.«pS3 1 Ca Lp Ua3 ^iUa>[L t^JJbJi ^Ua.dJ 

^->c_aJ I j Aj j jjJ 1 A3 UaJ 1 j to3A_axJLoJl A3 UaJJ ^jajJl ^/ 2 _xj ^J| ULo 1 
^LxjUI I j .A_Jjl j^Lva^S* c 0 jjjSLU c a. JajJ 1 

aL^o aJ^ 1 00 J 50 ^j\jZj (^A^o L^UJl j^Lja^Jl oU_gJ 

A>a Lp (J 3 LgU-U L^j_j A^j>- ^J I j3 Lyg-^.1 ' j-la.) ^J-P AwoJLxj c_3 
^J-P . A_U_-JLl~vw<>J ! A3lJaJl CjLwoL^s^ ^3 L^_x_«w<>->- Wj| 3| t^LJl 

Aj 1 ^ ) L^>IA^^I 0 3 A_pt_».x>J I A3 UaJ 1 (J i LjIj c (J LaU 1 

L^J L5La. I ^Ja-x^o ^3 W A3 UaJ I A3 LiS” )) La>c_; I t a- U j-g_SsJ I A_U jjU 

^lA_a-cJL-^l A-x>^-ja CaI j_oLj j A_J l_P cU_JL5s_j ^Jl Ca3I o3A^j>cJL^U 1 

cUUISsj ^3 o3jJa^>J I A^AaU I olj j.la.:J 1 i A3 j .^valjVl 

A3 L_vU 1 ^UjJi A3 Ua 0 jS o3A_axJAgJi ?-Uj-^-^Jl A_U jj (JLSUaI ^/ 2 _*_> 

. Ao L j^5U 1 A3 UaJJ jJ^p^S 


?-L aJ ^J oAjJlP (J l^A> V <Aw^vjJ I 15LJ 1 A^lj3 ^*pj 
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^3 ^j J j J V 1 3L>o*}LJ ^ ^JU? I )) ^-j jUaj (_ 5 ^ o3wL>xJL<>Jl 43 UaJ I 

jj— l-o— ll <1)1 . (European Atlas Project 2005) 1996 j>Lp 

(2-10) JiLJl ^ JLa 2005 *Lp ^ sJU^Jl *L^$Jl ^JJLSLJ 

^JL*Jl jj jJLJ 1 <1)| 4_~«_o jJ 1 L_>- jJ jjJJJ! <J jj>- 

jJ»J /j^j^ jjj-t ^y J *L l 4 jUS\J ^jJJiJIj 

( JS y o I 1 ys ( j-o ^wLoJlj c JJLcJl ^3 <jLJL_* (a_pL^> Jj?Ij 
43 Li? L^>- jJ j-X^JLS” ^ t *^ Lw>- j-*^J l ,jja_*_> * C!^wo-j L^>- jJ j-JL 

l (P V) ^-vwo-sxJ I j^JssJ jJiJ I jj>*J I 43 Li? wLJ jJ L>- jJ ySsjj i ^L ^J 1 

j_J 1 c_^wwvj>c_j L>- ^J-SLclj jJ Lo ^ L« j j_^_^J i jjU I L^>- jJ j 

j_£3 LJLJi 4 a 1SU 1 J 4..>/?,i.>cJwJ 1 4jl15sJ 1 ^JwLAj (_£j^Jl Lj! CjLj>*_Ji 

4)j^>Jl 4 _LxSsJ 1 43 UaJ C (_£ jj>- ^ 1 CJ ^ LJ I ^3j .O^lLJl oJ-A y 

^3 I jJ Lj y^ 4_i UaJ 1 ^Lol 4 j 2_LS” jU C 4_>j 1 ^_>- j_^_>J I 43 UaJ 1 J 
JJUl 4 a15sJIj 4->,^?,i.>iCwoJ i 4 aL^JI oI^jAaj ( ^jo •J^LL-'yi <jlj t £3 j^J 1 

J*' Jhi 


oJj>-Ij ^JUJ (4pLwo Jalj j-LSUl) JsL^SJl SwL?>-jJl cJJ LSU <1)1 
4ia.^o 1 jj L_L4j2j 43 UaJ 1 J-J jj 4jLLS” £>j L^Joj LLo J^SLoj Ca L>- jJ jJLJ 1 ^jjJ 
0.042 L^_j I y^LJL Jl ^3 U_>lj ^jJl c (PF) <j j_>Ja-J ' 

jl ^J_P 4jj-3 L)j3 ^j-^s C Lo j_4j 4P Lwo Jj? 'j A* 

— 10) ^5s-jU I 4ik?»-t>Lo .4^3jJ| Oljlp oLJp ^T 5 * - ^ 

<J I 0 j^k.*,£>.) 1 4o LJ 1 43 UaJ I j ^L jJ I 43 Uj? jJ jj ^>L5* <J I C (2 

^^Lj2j>c_) 1 JJ_P ^ j_PxJ>J I ^_j>c_J 1 43 UaJ 1 J_U jjU 1 J_>- JwJLwO <1) j-SsJ 

Jjb 


J 4jj^>Jl 4 L 5 UI j oLLiJl CJ I j Lp 43 Li? ^ 1 


Jl . 4 JJUI 


U 1 


4_L^x_>3 c_3j j_i? <Z^j>zJ e-L j-g-^-J 1 J_J j_j ^J*j>-i 4 jjI j_>- j_^>J 1 43 LiaJ 1 

4ia_s» I jj w\J jJl c_U J Uo <1)1 C 4Lj2j2j3 ^3 1 jjs ^3 4^? L>o j 


43 LlaJ I J_J j_j <l)Li ^ y>- \ <^j>- Lj . ^jj_i2J>- ^ I 3 j_3 jJ 1 


t^Jj L5L ^3 ^_^Jl ( jja wCJlwvsj 4 j I ( j>j ^»P jJ 1 ^^Ip 4o J- ytaJ J-J 1 

wL^J jjJ L^vw3 Lw« V J ^ 3 j^_>Jlj J_xj 1 43 Li? ^j_jjj C f-LsLj^/ 1 
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2005 ol^.J-L- : (2-10) JJLiJI 

. EU : j-L ya ^JI 


.iiljjfc (jl J-Lo C IwLSsJkj . LJ L>- (_£ jj>cj>sJ I |>J>cj2j i A^2^\jj L>XJj2j 43 UaJ 1 
J_J jjJ 0^wL>cJL<iJi 4_J J V 1 43 UaU j-y>\ jLJULj')! 1 j~~> L_x3 jJ 
jj>- Jp 4JL3jJl CjIjIp Cj U L*_o I Jj>cJ I oJjLtfJl C^jIS” L^> J. ■>,<?■>- 

j-oo A3l_pj tjLJLlj'yi 1 J_A LoJJ-Pj . o L-*_~^>cJ L> 


ol>L^> J^3 1 ^XLoJ 1 l-XX-oJ 1 j»l*Jl A-la-^A» 1 j-j o^wLpxJLoJI 

^JjU 4 a >wi Ol^ 43 ll? 4ia.~o 1 jj 4j 1 0 1 ^<2 j ^ 1 


c tAJU ^LoXlaI Ja^>c>3 jA*)l\ 1 jj& jJ 


A3 Li? 


I j aJ Li A>- L~*« ^A ^L I A3 LL Jj j^xXJ Aj jiiloJ I A>- L-vwoJ I o| 0i? ) 

to I A3 UaJ I jJl A-Ug.o Uj AjjLLj aUjO ^3jI A>- L~~o ^y>-ljjJl 

U_> j ci»>L>-Lv«-« i_^i t *-U4 ^Ll>s__3 <^ j >- L> jJ I ^jjJa_> 

. ‘■-w'-'LL^-' Lwi^-S* ^ 1 apIj^jj aj*sJl^? o_^-^-> Uj j oL_a ^.j s^o to 

Jl>-I oL_a ^ I sJ>vS -**> I /^-$Lo-o-] I j j~o (Jl^j V aJU>*J I oL_a t j-^ o LS" 

.LL2jI a^ L.ya.1 1 a-IjVIj ^ jJlj apIjjJI 
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oJUt 


4_*_2- Uj jJ jJaJ ^Jl>" 1 0_\_)wL>- £^>jl_JLa 

4_SCLowoJi ^3 Lww^J 1 j LJ I <La Up Ujjla 1 3L>3jU oL^L^cJl?*-^ ! 

^3 ^UjJl A3 LiaJ j^SS\ ^JLLoJ 1 ^Ul t Lo LoJ I ^3j tOwL>eJL<>Jl 

f. **«**> 

a_*j>- L> jJ 1 01 aJwo_>J! ^3 Oj-S”j LJLoJ I ^p-Lj c L*J 1 

jj OM aJjb d\ . UaJ 1 U U>->0 I ^a 4_x_~alj O L>- L^vwO c_3 3 j-^5vJ 1 

43 UaJ i j3 L>,<g..o-l A_^Jg-4jL.»-l ' aJL>sU 1 iSjUuJL toOUo*j>*Jl 
,j_>s -Aj>cJ jl ^3jJLoJl t ^y» tJOLwJl ^J-y2-iaJ 1 ^3 3jj Lo-S” C o3 J-PxJLgJ 1 

.*L ^g^Jl J.J jj ^>J^s ^j. o3Jj>wjJl 43 UaJ I (J ^>-3 
d4 IS” ^JlU .Jj l^ia ^ U>jl& 1 L .ygj I iJ c ^a UJ I ^J.-./?jU 1 ^3 Uwjl^ U5 

.*Uj_g_SUU <_J-sUa_i j-U^.-o-S' 4 jj j_J 1 43 IU 2 J 1 ^3 4_^ j_SU>cJ I j 4_oUj_g_^Jl 

aJL jJaJ 1 0 ^-£0 0 I 4_>j yj 1 43 UaJ I 0 U ^ Uj^a .illj3j iJl-LAj 

4jj jU I 43 UaJJ ^ IxJ I (J jOlJ I j t ^J l*J U ^UwoJ I ^3 U U ^j^lJ}j>z^ ‘UoJk I 
Lvo j_3 ^Jj jJa-Lj 01 0 J_>J_p Vj3 01 ^3 Ls^2_j! j J_o 

J-J jJ Ca Uaj>c^s aUs-^q I jj e- L j_^^J 1 ^Jg-*^o _LJ jJ l_^_*3 ^Ju cLw_>- l U ULo-S” 
wb>- 1 j ^jjUwwwo iJUj^j .^a>UJ 1 «La Ip 1 Jw>- 4 J-J 3 ^ua>j U-oj 4j j jj 

oUt^ J^a -La V 1 — ^Jj jJa (J Lio 1 jJkj t ^JwOl^ws^U 1 ^Jj>-1 0^° 01 

IJlou ULio^l l )| j .jJa^wa 43 Ua ?-1 j j^^J 1 ApxJ A^LlAj 

l <43 UaJJ cp 1j JwwA ^_j ^_Lp Aj L*-o ^U^jLp'yi 

t*L>j^_^Jl jjU AjjjjJl 43 UaJ 1 j o3wL>tL<Ul 43 UaJJ j^S I a!Jj>sJLw^I y>^ 

0 1 ^Jw<>JL>c_^U 1 • ‘Ua 1 JJL^o 1 jtS 1 43 Ua ^Jw^JLw-wa ^J| 3 j_4j l) 1 

L 1 ^Ua3 ^3 L>- j-s^ J 4 _Jj ^ a ciJJ 3 0 1 j_o Ij 0 j-^-j 

J^LJl Jt jj^^Jl 3 j3 jJ 1 01 ?-U j-g^J 1 0} lLwsJ>- 

^lw\^>eJUa! .^alUl 1 ^3 lut3 U VoS L 43 UaJJ ^j 2 JLo ^JwaU>tS* 

^Jp j^*^£ 01 aJjV 1 AiUaJl ^ij^ 5 01 <-JlS ( JwaUU jlSoVl Cijjt 

4 jj jjJ 1 43 UaJ 1 ^3 £t-s^ j-A Lo-S” t 4-a3 lUJ 1 4^j 4^>J 1 -La 

lU_A ^l_v^j_j c ( 3 — 10) ^J3U*xJl ^3 ^Jw^JL_>t_^U 1 W o3wLpxJL^U 1 43 Ua_l 1 j 
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. SSUaJ! — ^<Jl*Jl t^J*^ 1 iSUaJl j * (3 — 10) J^tJl 


<1? L^o jj ol j ^3 I ol*3jdJl ^jj 1 

3 j3 jJ I !Aj^\JLJ| aJj^I JS <3 jJLx-a j-o-j 

£_9jJLoJl kw-JJaJ 1 jl . A_>jjjJl A3 UaJ I j o3wLpxJL<>J| A3 LlaJ I j jyJU>- ^ 1 

( j-w_>3 t (Gtoe) ^3 LSGJ I Ja-AdJ I ^ V I o I j L^Lo_j <. a_S UaJ I ^_Lp 
jl JlSj_*Jl . ^j-> 1 l) jJl3 I 0 ^_*_>- V I A_L~o 

^ (3-10) ^ aJ}SM iilkJl 

iaJLg A^Ss3 (. 3 Lyg3^\J (!4a™Jl jO Aj 3 ^ i 

J J I jJlv2^ (J j_*JL3 1 (_£ yL^A CJ 'y JwX>3 Cj 1 J^jlj <J LwjJ aJ J L>c^3 

. A3 UaJJ 


1 ^3 (JjJi ^JjL« 3aJa >c->a *IlJ <lJ| ^\ sj>zj Lo <Jj! 0 } 

US' j .^oJLxJl A 3 U 2 JI j_^-j (JwL^a (3 — 10) 

LoJ jJ* A 3 Q 2 JI <jj c ^jI j]\ ^J. a ) 1 ^3 Ll>Ij 

l 0 j*s>- *)! 1 A^>j j^LxJ 1 ^ip US ' jA L> jJwwo A^-oJ 1 ^3 1.75 ^3 1 ^>- 
AjL<Jl ^3 6 j ^ AJLoJl ^3 4 Cr* cM^! i_r^ ^ <_^i 0 ^ 
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ol -O 'j Crr AjIjoLl J j)-0->cJ I ^yS>-yJj .O-O^Jl ^3 

yj£ L A_J LJ I LJuLl 3 jJL*J I ^Lp ^^<>3 l*J I 3 L/?3 ^ 1 ^3 o *yc_>c_) 

<_JjkSl JL^ri JU ol (3-10) JSLlJl ^ oU*lo>!l 
c2025j 2000 ^Ip ^ Lj^ &J\ J> 2 J\ ^LJl aSILJI Jlp 

oO-gJ (IE A) A_^<jJ L*J I <i UaJ I aJ LS" j oL*_3jJ y* Ij J>- < O j_3 j_A <_£jJl 

^ LJUJl j^jJI oM~oJ ol .(6-4) JLooJl J* Lolj U5 cS^Lill 

O L Lj2_03 *)i I oJjk ^3 I J_>- aJujJ? ol Lg_L_P Ja_3L>o ol ^Jw<O0>uj>J I 
JoJ ol y ? 1 ^3 L Los i ^^Jbj*)! L> 43 II 2 JI <oLlSL jOO LoJJwPj aOo bJ I 
^LwvmJ Ij^ .2050 j 2025 I»p ^y- 3 ^ I ^<3 1 y^ l£ ^ ^ 

lJ ^JlxJl O I5w 3 -Lp j^j ol Loj3l t O y~> I y° y>- *)! I iO.Q.‘J I 
^3 kwJJaJl ojLJj LiUaJl o*L aS ^^Lp OjljoJl jl^o^M O I j l y2Jip>zy 
j_o_i (J j_x^o ol I“v 2 _>l Lo jO 'j -jtH Ij aJ o^LL ‘*-3 2 J ^ 1 ^ 0 *) 'y I L? LL 
t2075 j 2050 ^Ip j-o aoJI ^ LjJIp <L*Jl ^0.2 y* AilkJl 
oO-A ys>-j . 0 j-ii I ajL^-j 2075 ^.Lp aJoLI l y 0.1 I j^s>~\j 
^oJL^Jl oL c j-oJ I L*_L> I jjoL I oLolj^o^l 

Ip ^3 l*_^>- 1 0 I .jjs 2 . 5 ^Jja l*j j^Jj O j-^o aL j ^ I A3 UaU 

-10) J5LSJI *LJ .2100 y jyislo JaiJ ^ u^r 25 Jl c2000 
y>-\jLa y**-* ^y^^**-*-* '*—^ 0 ^'*’ ^ ~ I I ^ljj>oo<l ol IjwEs I j t(3 

LSol Ij Ij 2 j>o V I aJLwoJI j 3 I Uww«j c0j-^3l A_> L^J 0J>_P 

aJuL^oJI oUjjJ^oJl Ol .^^w^LJxJl I ^3 L 0 I 3 E Lo-S* S0->!jo>J! 

3 jJ jJ I 3 jJjJ L^IO-Jool ( JwOj>o 0 j-aJ I Aj L^_j •^IjO'yi -U_P Ja-AliJ 


^3 ^^J-^loJl (jlj_o- v yi oLJj_>c _>3 J_^>-l «^j_Li2_oJl Loo- I 

Aj LgjJ I y J^SL>j Aj I ya I t ^vOjL I O L Lj Ij I oljLwLl 

L/5 LLxj I Lj2_jI L-OjOl Lo_S* .^j_^>cJl 3 j_3jJL 3j_3jJI Io_a lJJ-*-j ol 
( Jw 23 *)! I 0 y I jJ v^ws-wvo ^x-<sLa_l I jLiJl ^|jj>ool ^3 j_L^?l L^_jLL« 

Ja j-la.>- A_*_^j ^IwLJooL jLiJJ LxjIj A_^gJ Lp S jL>vJ j 03 1 j c Lw>_wu 

. (LNG) (J L^>J I ^x_LaJ I jIlU jS I ^|0 j>oojIj S0jJj>- < ^oUl 
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(3-10) JiLiJl *IjJ ^ 

AsUaJl i^UJa ^L>o>-J *y>xS ^lJ 5 ddol iSjLJLo 

j»lp ^ < s-lJaJl ^U^-l AJLoJl ^3 80 ( j-a J~* J-SLdj aJ J S I 

abjl JLSJ .2100 f U ^ iii ajuJI J> 39 Jl 2000 
JLSljJl cJ^ilL VULi ^ ji jJJ Jo<JJl 

jl . LoLj_g_SLJl AsUaJl J-U jj J>- I ^j/ 2 JjJlo Jl ((i— 4-..Ia.U ' 1® ] 

8.6 ^yi c-olj di o jJLil (_^wLo ^Jp aj j jJ 1 A3 UaJ I ^ IwLp-cJl^j 1 LSjLda 
LoJwO l aJ j V 1 AsUaJl jL»J>-j ^y» AX^J \ ^3 30 ^yo ^Jp I AJdJ I 
J^a AJdJ I ^3 31 ^Jj AJdJl ^3 6.13 ^yo o^d^xdoJ I A3 LlaJ I doLjl 
Aj J jjJ 1 A3 UaJ I ^ldp«d~ol ^3 j-^5sJ 1 djI^Ul <l)jj .^JjVl A3 UaJ I Ojj^c-a 
^JJl ^j>cj 2J| ^.Ja.*^a a 5 jLdJL t<l)jJl Aj L^_> J Up o3d>d<jJl AsliaJlj 
3 Lq 2-L3 1 )) (J LLo Ll 1 ^_~o ^Jj cPj— .dJ j_U ^ddeJdo 

oi J_*» *L j_g_SLlJ djdPxJ I jJL^-oJ 1 lU-A ^y* 1 J~S lpj_>- (jj J jL j-^5 


a 5 jldLa o^l 


oi j-o A_v2_*_> j t JaUI ^LLl 3 AjddU ^ 


ca L>t..s,^ , .x>JJ I jJ 1 ^ddJl j_j_p t A_ju V 1 aJ 3 jjJ Aad>cjd*w<>J I 

IdJk (_£jJo>- (J jJ>- ^A2_x~U I (J^Lpx-j jl ^j5Looj .^_oL~ol ( J5Ldo Aj j 1 j->^ 1 

dLl .*L^5UJ A-si>txi 1 aJwJ I A-Uao SdjIjJl aaISUI ^jj I^Jaj t^ojUl 

0 j_aJ 1 Ajldj (J j_>- ^jl t LoJ I ^3 j_U I ^jjJi IdJfc ^JJLa J_Px_>l 
do 15 J t L™o idjJ_^~ A3 Us? J^L>- f- lo j_^_SsJ I do LS" LaJdP 

jj ii LwAj . Aj j Ucj I d 15 y>z^] I j j LiJ L SjL)M 

C 1 (J j5]l l 4,3,“.^ ^3 dJw>- ?-L j-^53J Ad>dJ I AdJl ^3 oL ^vwOj 

.* L j_^5LJ L Aj jJ 1 AjwLLj ^js 1 jj j LLo I ^a <LJ Lo-dJ I 15 \ L 3 ? j_oA>- 

3 O^SwL 1 d'yiAo'yi o5a Jy 9 03 I ^La jj 1 (jl 

01 Jwajj ^j\j y^£S\ 3 Ljg. 3 1 Li j 2 >zjj j^ 5 i jj 5 L-& c Lw^wo 

.Aa^Lill Ado AdJl da iSj'^T ^ (djdpdJL) Oj^J 



^dx» J 0 ^ d>cd>J I A3 UaJ 1 j Aj j jU 1 A3 UaJ 1 ^|j5dol ^^ojd I3| 
A_jjjjJl A3 1 Ja. J 1 jojLd_~o ^3 (jUajJl { ^\ 
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3 Ly2JL3 1 j3*-l ( J>->Aj *~^ Ll^- 3 t o^wL>cJL<)J 1 j 

|j_A ^3 ^-j>*jjJ I o\ • ( i— i2.-la.Ll ' ^j>cjjJi j_)jU— j_Aj j-6 -^* 

^5v_*^u ^ JS*t_Ov_j c_3 _J t j-^-S” j-o c_3 L j LwwwwJ 1 

^/2jL>eJj .^JjLwOj (_£jl_P ^ J ^Lu^/ \ ^JgJ L) J J-J jjJ 

^-_>s_<5J|)) L_>- j3 j-)-^Lj ^IAS-tJO>1 ^*JL> 


4_jli t A_Lw3 J Jl oljLxJl oLjL*_o 


i] I oil ^1 L> t ft c-i—IajJ I 


.£~-lj j£-^> £° 

^-J>sJjJ 1 ^J_P ( JwO-*J o J_j J_>cJ 1 AilJgJl olJgJ>e-4 (J jS\J <1)1 I 

^Jl Aj 3J)-4 C ^<*0 LvJ 1 ^J-*/2 j 2J I ^3 A3 ^oJ 1 (IGCC) AA_> ^Jg ^Lp < *“ wv “~ 0 3' 4 
<j j_) ^LSl wLw^S”! ol JlLta AiLv^} .‘Ls^ji^jwa oUL^-ol j SJ-jIj Op-Las' 

Jj>c_>tj)) <1)1 ^Ll>c_j O j_^» O Ll?->c_x»J 1 oJ_A ^JJLo <Lla-w» 1 j_j jJ jJLoJ 1 

^3 <JljJ ^ 1 <l)j-jjSLJl oLj_Aj ^IwG-cJoL W<JJj>c_>j 

^>s_aJ 1 L^>- jJ j-^SL> < oL>cJl IA_a <jl .jjJajJl 0 ^SLJl Lg_lg- 1 

^Jl <L>-1>- ijLjfcj tj^L>«Jl 0-3 jJl ^3 I jjJgJ <l)jSL> Jli O-JgjJl 

4j>t J L>- jJ oj-A <j jSco I 3 J U ^3 1 J-j j^>o c ^iSI jUol 

jl_P ^.Jg-*^> C-g jJJg-oJ 1 j-w-^Jl ^->tg«X_lJ Ip Lyg-13 1 J LojJ 

J J_PxJ>eJ 4_)0_^_oJ 1 O ^ J L>r^J 1 ^_P jJ 1 ^J_P • ^OoJ 1 C02 

t ^j-ai ^ L^vJ I ^J_v2_aJ 1 ^3 3 ^^ 1— <>-S* c Lg_> 0 j-*^ Lw<sJ 1 1 I) ^_> ^5L1 1 

Laj>- O^LwO CjLp3 jIwj ( ^y> JS'LU JS\ jL>rj| ^L>o 

^JJl wL^vsS'V <LoSr..>^gJ 1 ^L>tg»- % )'lJ wLo ^ 1 ^JujJg J^>cJ>cJ 

0 j~S oLwoSsJ jlp <J jgoJ 1 jl ^Jg-^o 1 jj j y>zSj 

<l)li ^3 . i_A-Jgj Ijwwwo ^1 ^3 ^JjLOvJ c_i t_5^1 ^J>cj2j 1 

c (4 — 10) ( JSLsJl ^ Lr^ 3 o>c_J I 'y I oJla *LJ j 1 ^iLlg Jg-^L>- 

.(3-10) JSLlJl J> U5 cL^JJ iSLUJl ^JJg oUl/il j>l^oL 

AiUgJlj 4_j j jjJ 1 A3 UgJ 1 ^kS <1)1 Lv2_j 1 lO/g jJL3 1 j_) j 1 iJ-A ^3 

t aJj V 1 A3 llgJ 1 J gJ->- ^3 Lo^o Ijj^ L^jJ <1) LJLj O j^a> 03O>O>Jl 

L-*-v^ J -XSJ .JjLJI j lOwvJ L AjjlJLa J_^iSL y*~^ 1 Aj jj Ij <0 

jLiJlj ^LlJI Jg-A)JJ ^JsLv20>Jl jSjjJl <J y>- Lg_wvo2j oLv^lj^-s'yi Lv2_»l 
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((cjLJaJI I iSUaJI ! (4 — 10) JiwJl 


<L)jj . AjjjjJl A3 UaJ I j o3.-L>cJL<jJ I AiLkJl ^3 V^S 

^3 aIs.^0 1 jj I SJjV I 43 UaJ I ^3 2£ jLLJI 

^ -Ulp J5 ^3 C-wyg j^3 1 J3 jjjLLw^JI Ij-A j LL>| 

l) ^jjJl Aj L^j JjyP j S I AiUaJl Ojy>zji i O'* J> 50 u)i 

.2000 ^*Lp a^oJ I ^3 2 3 _j AjjLio 

A_2 j V I A 3 H 2 JI j3 Lv 2 _^J <1)| l ^JgJ L> 

Ls £-3 ya ^3 1) jSo <1)1 ( J^» (JjJlJl ^3 lj (^5-La ^Lp J j-lalj 

^ J^\ AiUaJl i)jy>z-a Jw<jJLx_> cJ j-wo J . ( J^_o 

i_s^J ^ olj^kJl ^ J5 ( _ s 1p j^ko ,jjJl 

j3 L^2-a jJ jJajJ Co La j_SL>cJ I J 3lj3^y ' O'* ^ ur^' 

^J-P ^SLjLj UjJ"j 1 J LlSsJ 1 1 j-A ^3 . A^a 1 JJL-o 1 ^5 1 J c_2iajl A3 U^ 

j^5\J 1 j^S*! ^lAl^vwa A3 IL? <JjJ^>c^3 j jJal! <Uj>- jj | (J jij>tJ 1 

( ^ I ^ LJ A^”^«o2^o*J I 4 «^q*,A I oljL^M! l^JyicJl 

.JjVl ^UL*Jl ^3 A 3 U 2 JI J^a Lit 
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d~aLw**J «<J 1 — <. Lj i-w*“ I ^JL>j 

oL oj_SL>Jlj oLSj_JL1| ^A-L^y j-> .LSLla ^j_SbJ cdELlaJl 

t ^iS*l oe-LiSsj iiUaJl ^Iwlp-cJL^'V 

3 L,rfg.3 1 J^a Oj>cJ| ^3 d j 3 ol ojjk l) j5b> **-3 j-~a J l JLj U 2 J 1 j 

C-o IS” Lg_> ^ t ^a 1 j_-J 1 J^a ^1 j_j V I oJ_A £«a ^L?xjJl c)| . daljJLwol jS I 

3l jjS \ ?-Jj>cJ (( A_i l_La_J \ i] ' Jws_Ji jj^ 

^dsUaJJ I j kw-JJaJ 1 Sjbp) CjLs-oLw*^ (J V jl t (> j- w0 I 

Jl olS'jJLSi ^jJ Jl S\ 0 (Demand - Side Management) 
l*_~d j "^VjJwxJ iw-JJaJ cLw_>- 1 do L) ^_g_5sJ I oLS” ^Jl j 

dj Lo L^. j j)-lg.) <j Li ^y-SjJua o 1 4_^> L_~J 1 ^-*- j L*/? 

1^1 P 3 ^Vwj ^Ww^J I A_S" ^ 1 ^LLpxj da 1 JJL~*woJ I d3 Q 2 J 1 

da I p j LoJj>- ^ 1 — ^j-w^-LscU L^2 j I t J 

i] Ijjfc J I j-& C *>Lx3 U>e^? 1 j j J-o La (J | . U 1 jj j5b J C ^J^S” ^j-a bJ I 

(jl oo>o t 43 Q 2 J 1 CjlJjJ_>t-a 00>e_»JJ d>*Jl_v2 ^ j_L>- 

j-a^l l)} .£-3 jJLoJ 1 i ^3 LoLsJJada £^woO>- ^_oa bJ d^LS” (J j_So 

/^-^SLL-^jdvwx»J c Lw*J 1 ^ c d-> IS^JLl 1 e- bo Jj^ ! Lx_.^j>- IdJ I Ju Ip j ^ 1 


j_& LdjJ 43 UaJ I J-Jdwa 


<:jj iy '->jj j -; (.jljiVl 

• l_Sv_ dj 

VT 


^-1 jdl 


Websites 

European Atlas Project (2005). <http://europa.eu.int/comm/energy_- 
transport/Atlas/homeu.html > . 

US Department of Energy (2005). <http://www.energy.gov/> 
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Cj^L«LaJ> jjjpdJj 






iiliaJl Jj j>*j 



J s?j\J 1 .055 = 

1055 = 

(Btu) AjjI jp~ e.b »- J 1 




(Btu) 10 s x 1 = 

AjjI J>- 6-L>- j Li_^> 1 

(MMBtu) 




(Btu) 0.9478= 

(kj) J yrj^ 1 




0.9478 = 

(MMBtu) 

(Gj) J_p-Uu>- 1 



J ^-Utv« 3 . 6 

3600= 

i*L. U j JlS 1 




(Btu) 3412 = 

i*L. Uj 1 


Bbls J~»ji 1 .35 

39.72 

(MMBtu) 

41 .87 = 

t06 ( _jla4j 1 

^ 9 s 

^ ffl 

X 

o 

10 12 x 41 .87 

10 15 x 41 .87 

Jfr 

J_p-L. 41 .87 = 

Mtoe 

^ S' 

^ ffl 

X 

o 

10 15 x 41 .87 
Jyr A* 

10 18 x 41 .87 

J_p-L.fl 41 .87 = 

lr* LC. ^ 1 

Gtoe 

ilj 5 39.7 ji 

(Quads) 



0.025189 = 

JaA, ‘J 1&> Jp 

(Btu) 10 1S x 1 



OjJU 35 = 

( _ J SLjy>l OjJIp 42 

Bbl J-a i jJ 1 


35.843 = 

tjj ( jJs 0.856 

6.293 

J “ Lr ; ^ 3 f 1 


o Isi IS2« 


(j^lpl/) Lj = 10 15 

(jUl.) Up- = 10’ 

_>Lf = 1q3 

l_fl = 10 18 

(ijlj;) IjJ = 10 12 

(OjJl.) lip = 10 6 
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ujuuJl 


I ojjjjJl 4_^»vJ 4jL) 4 *jL yS sJl AiUaJl (J^- 4 j*-i '• Uco 

.^UiJl ya Ljb o ji I jI^>Jl ^oJa^Jl ojJjjJl ^\ (<LJL>cJl) 

o3LaX-x*)\J ^ jJl ol y& j^SsJl Jw^>sJl jj 4^L>P ! cJ V I 4jj*~j 

. 0 y\ jX*Jl ^jL> A illaJl ^Uaj o j J3 y» 

4iUg ^\ y°j^\ y° 4^J_*_aJ| yy>z}\ AiUaJl 4_^*j j_A ! ^J-aUca 

4_Jw«jj! o yjL Jl <J*>\J>- ( 4_U-^i_JjJ I ) LgJjJjL 4_lig>T_oJl L «JJP 

. I^jIj 

Jjj ^Jg ( jP o j-J^Lw^ o jJ j-^Jl <Lob yS sJl 43 U 2 JI ! 4-J j^ya.l) jjli I 4^*j>»jJl *L j^5sJ I 

.4_jlj] ji jj j^jJl ^wvwO-^Jl L>*)\JmJ| 4_ig_*j | jj 4iUaJ 4.0 J^jzl J Jjjj! ^Jj jJ>xjJl 

^Jl <Cw^>c_gJl 4 -oL j-^S\}\ oL5 y Jl ! ^JLj! cj > b 4s*yxjt> <Lu L y^ oLi ' y 

• «*■ 1 jj <UjIj ^_ g_$\Jl 4 _^^a»J I i^jj Jg l ^ - >g-w«j j 

j-g-S\Jl jj jjJb <U. S' 4^5" ^>«Jl 43 U 2 JI £'L>- jJJxl ! 4 -Lj jJJL J-J jiJl O^IpI 

jJJl) 4^5" yd\ <-A3 jj j\ jJgLo *LjI 

ya j$S\ ^^J-P (J j-^>«-J y° 4^jL > yS 4_£Ug J_J JJ <Lhs>tLj3 ! 4«*>-L>j "AS- j'y 

. <Lolj yS sJl 43 U 2 JI y> jJ3 j^S"! J-J y> ^^1-^23 1 ^ j y° £ 

(^JLlaJJ 4 _L>jL>- o^La jl) 3 jJ jJ 4>jLw^ws5vJl 4 JII 2 JI ^J_>^>sjJ olil 1 i ^3 j^\ 

. 0 a^jIj yS 4iUg y~*S jaj 

^wwo-sZJl 1 4 JII 2 J ^jL^>JI 4jj JJ j\ yj>TL ^ J ! 4-^x-wJaJl 4^3 JjJ I 

.^^LvoAJ ^ ■«■*>.■ 1 1 4^Lo-*Jl of-U5 Jj>jl*j vjj * *>- 0 ^-w«j LJ ' 

4_iUaJl jj>s_xJ 4-JLo-^-^/l op-Lj 2_5CJI ! — — jJ~va-oJ I )) o^LLS" 

( 4jJ jj 4jUg jl ^ ^- J>5 - 3 iajjj) jJ_v2j>J| 4J Ug ( jjj l*Jj 4 j j_^vJ>cjj 


.4^5 I 


^33 43 Ug 


3j3jJl 4_^3L^| ^cJ Jj (_£ jJl JpUjJI j-* . jJ j -oJ 1 ^J>P l&eJ I 

JpUJI 4__Lo»p frLj I iJiJ_^jLwvj Lo-» I 3 jlj ^ ^jUa-jo'b/ 1 yj y Jl 
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J Jl 


'I jLJl j j^JIj JlJIj r\jA\ , 


i y> AaxjUl AiUaJl ! pUa^^Jl A3 Ua 

.jUJl j oUa^>s^Jl y 

Ajj^.*/g.P olaxl^a lojaf- jl LIS' a (J Jj2 5 jij j-A • j-*>- (J^-O 

_^* cj LL-v-L^ • j-~%Jl (J^^Jl^ Lj-yaJ I (J^i Ojj j ^JjLa Lo lo CJjjj ^a lyaj^yg >• 

LJjVl AiUaJl lg_>L AiUaJl J 4_Lal5vJl aL~U-~JI ! AiUaJl 

J^JI j ajJji J! oNU JJLa C ^Vl JJLjJI ^-J Uj-Lv^ 4 

• -^ULJl 

0*)L>jJ>cj '^JL*jo lg_>L AiUaJl ^Jj^PxU AlalSUl aLJ_~J| ! AiUaJl ^jjyxj AL~»L%a 
tAXiJjJl o'bfU*- ^JjU (. .UtAgl^^DU ^a-Vl JiUtJl ys>-j LajJ_v 2 >j aJjVI AiUaJl 

. . . ^ISLJl J^*)| J\ 

(. Sj^iLJ I 4_Ja-djJ I O L*JLL<>J IS t A3 UaJJ <_£ jJ U ^JSw- j_a ! A3 UaJ I J^a L>- 


r 


-*>U 1j_aI>- j jSl J <Lji 4ilkJl ( 


alp 


r * 1 


• • • Cr^JjAr^l 


A^£Ji ji J! t ojlU>^[ I jJc>o . A3 UaJ I ( j^J 0 aL>- ^oJl ^3 t Ia^*-^ 

^U dlU ij^jij c ^Ui^fl j ji 0 Lg.S^g. *.«.*»' o-c>&j j (. AsUa ^J*al>- U/2_>l 

. la Ja*- e-b j^SUl yy-xj Aj y-^> (Jl>- 


0"° ^Ua_> ol jL~Jl o-La ! aJwj^c-a A-jjU j^S ol^ ^-a 

iJ y^-* ^j 4 AiUaJl jJ jjJ ^j-vwJj j-Lv 2_<>-5^ t ^_L>-l3 U 

■ bi'J^ hj^J 

jljJLU L*j lo y *)LJLoJ ^»~Laj AiUaJl v jIw**_>^/ JaJaj>c_a j_a ! Jai^^a 

jl O tA..>.laJLw>wo,) 1 y t ,i a la >c_oJ' 1 -La ^3 . AiUaJl aJ-^vU_^*> ^3 v jUn-wv^^I 

y* aLl<o ^3Jl ?-^>eJl y k-_^A>Ujo y^~° y? j*-> o^Ip LiUaJl k J Iw^o'y Aiio-oJ! ^ ^ «»■ V' 

. AiUaJl ^]lo^>-| 

. ^Ul J AiUaJl l! % >l^L^I yj y : A3 UaJ I A3 US' 

al^> ^jI§-) l y ^a ! (R/P) ^ Uj^f I 1 ‘iwJ 

. ^ j^-wJl ^loNl ^Lp «CUdJl ^laljj>-'yiW Lo-^-Aj 

lg _^3 ^Jo t ® A J ' t_ 5 ^ ^ “A-JwAj ^A ! Ayjpxjj j>y~ 

Iv2jI o_3 ^ la 4-J-o (jO 3 ! l£ o_3*)liJl ^J| AA3 -UloJl CO 2 jl^ ‘U-o-S y2^JL>zj 

. ®<j jJjSUl ^J>^3 ^ -J A^lAllI o-Ia 
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. It-*, a ll c i 

(l 

Acid rain L _r^-^~ 

Advanced Boiling Water Reactor j»AiuJl »Ul JpLLo 

(ABWR) 

Advanced Gas Cooled Reactor (AGR) J j-* 


Amorphous silicon 

^ (1) 

Anaerobic digestion 

disCij j\ ^ 

Anthropogenic 

LijJ 1 vwo 

Back-up power 

<uL?Lx>-l ejji 

Battery electric vehicles 

\j j liaJ L> Lt 15 jA 

Biodiesel 

lSj~~ 

Biofuel 


Biogas 

<£y?~ 

Biomass 

1 aAiSvJ 1 

Bitumen 

jli 

Boiling Water Reactor (BWR) 


Breeder reactor 

jJjUi jp uUi 

Calandria 

0 1 Iw-J 1 

Carbon abatement 

(j 1 CJ 

Capacity factor 

1 L*» 

Carbon sequestration 

Ojj^SvJl J^P 

Catalytic converter 

Ci>- 

Cellulosic feedstock 

4j J ^ 1 jA 

Climate change 

( LJ Ip ) Li-oJ 1 

Coal gasification 

j I p ^J)\ Jl -^->^1 jty*^ 

Coal liquefaction 

1 a] Lx I 

Cogeneration 

A^^A j L A3 l \s 1 1 ^ jA ^ 
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Combined Cycle Gas Turbine (CCGT) 

Crude oil 

Crystalline silicon 

Deuterium 

Diesel engine 

Direct disposal 

Distributed Energy System 

Efficiency 

Electricity 

Electrolysis 

Electrostatic precipitator 
Energy carrier 
Energy demand 
Energy supply 

Enhanced oil recovery (EOR) 

Enriched fuel 

Enriched uranium 

Forcing mechanism 

Fossil fuels 

Fuel cell 

Fuel switching 

Gas centrifuge process 

Gas Cooled Fast Reactor System (GFR) 

Geothermal energy 

Global carbon cycle 

Global warming 

Geysers 

Greenhouse effect 
Greenhouse gas 
Grid-connected 
Grid-independent 
Heat pump 
Heavy-water reactor 


iSy> ojb ji tijlp 


f 


b>- l?i,j 


f y.jiy? 
LdJ 1 | 

4P j I 43 Ual I ^ Uij 

oc- LaS” 

JA-" 

A3 UaiJ Jwo U- 

A3lkj| 

A3 UaJ I / O j 

o j I I ^jP I AA> Jb 

I yj I^J y] I 

djljdl ^ SJl 

^ ji j ‘uL>- 
3 ^3 I (J lkAj| 
jUJJ I -LjJ I A£ j Jb 

J ^ ^ J ** 1 ^ ^2-J 

J ^ ' o j 1 C/ 3 ^ ^ 

Ao j-SG I tj o 

ao IS" I c-> L& jjjJ I 
C~Jl j-o L>) (_£jl y>z}\ Lx>- ^ I 

I ^>cJ I jIp 

Au L> I A^wjJ L> (J yP y o 
AoLj^^Ji aSwxJ i ( T^p ^y+p A’*.# 

0 jl A>s_v2>3 

f-Lo JwP Lao 


278 



Hybrid electric vehicle 
Hydroelectric power 
Insolation 

Internal combustion engine 
Landfill gas 

Lead Cooled Fast Reactor (LFR) 

Life -cycle assessment 
Light-water reactor 
Liquefied hydrogen 
Liquefied natural gas 
Lithium-ion battery 
Load factor 
Load- levelling 

Microhydro Power Plant (MPP) 

Molten Solt Reactor (MSR) 

Municipal solid waste (MSW) 

Nuclear fusion 
Nuclear power station 
Nuclear proliferation 
Nuclear waste 
Ocean energy 
Oil sands 

Organization of Petroleum Countries 
(OPEC) 

Particulate emissions 

Particulate trap 

Passive solar heating 

PEM fuel cells <_g jj j 1 

moderator 

Photovoltaic solar cells 
Plug-in hybrid electric vehicles 
Polycrystalline silicon 
Power capacity 


<CjL) S <j 
*CjLsj % SjjJ 

J> 

jj L lix] I ( jp j j Ip 

J> \j 

o L>J I OjjjJ aA-«1>kJ A~j I jS 

p - *Lo JpLLj 

(J ( JjJ^A 

<J j Ip 

^ I Oj^l A> J Uaj 

I Aj j->»«j 

0 A-J U J J-J jj AJajs-cja 

j j .-oJ 1 ^JuJl Jp LLo 

A.-L/? AjjJj C^LjIjL 

A>J jj Ao L) A3 IL? J-J jj aJajs-cjj 

Aj J jdJ | A3 UaJJ jLtjo'y I 
Aj J jj JJ LaL>«jo 
JJ Uax>«j<J I A3 U 2 

aJajiJ I (J Lo jj I 

(t^fXojI) jg,AlU oj J_v^j»J I j jJ I A^JaAjs 

a-j L jb jjuU^I 
LgJJ Jj Ua? 

a! Lx3 j*S* A^w^j AJ Jj 

yjy f-Ltp jjta j jij 

jJ I 

4 - i j . /*? . lj 0 1 1 A*_^\-j>_^*J I L) ^>cJ I 

( j ^AoJ 1 jjIj a1j>s _a> aoL ^5 jj IS jjs 
jjIjjJSI 3 j_*jj o j5C-L-j 
OjjjjJ I 
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Pressurized Water Reactor (PWR) 

J? y. 1 A 1 

Price inelastic 

Oy 3 j+S* y 

Pulverized fuel 

(oLp j y> Ja-a 3 jij 

Pyrolysis 

Ojl ^>cJ L> 3l 1 

Regenerative braking 

y jj L> 1 o^IpI 

Renewable Energy 

o3Jj>d<>Jl 43 Q 2 JI 

Saline aquifer 

4j>eJ Lo o Lo 

Smog 

y L>0 

Sodium Cooled Fast Reactor (SFR) 

j) L> 3 1 1 LioJ 1 

Solar energy 

43 Li? 

Solar insolation 

1 ^ I L | 

Solar thermal energy 

AiUaJl 

Solar trough 

0 y>- ol 

Supercritical pressure 


Synthetic crude oil 

^pLw? iaii 

Synthetic fuel 


Tidal barrage 

1^ i-X-yA? 

Tidal current 

^ i>sJ 1^ -LoJ 1 jLj 

Tidal power 

-b»Jl ojji 

Trolley Bus 

Lb-^d 

Unavailable energy 

OjjJ-^s 43 Li? 

Vitrified waste 

CaL)Lj2J 

Waste heat 

4_*j U? 4j j 1 j>- 43 Li? 

Wave energy 

^0? 

Well-to-wheels efficiency 

(( O ^L>&p — ^jj— SaLaS” 

Wind Energy 

^Lj jJ 1 O L> y>- 43 U? 

Wind farm 

4^>- L) j AS-jy> 

Wind power 

4^>- Lj 43 Li? 

Wood-waste 

oLaI?-^ 

World energy demand 
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Cjui 

— (j r 1 ^) 


Fuel switching 


Greenhouse effect 

cuJl jb) 

Coal liquefaction 

1 aJ L.I 

Regenerative braking 

jA JL j*J ©^Ip| 

Forcing mechanism 


Particulate emissions 


Calandria 

0 1 c -J ^*0 1 

Nuclear proliferation 

Aj J 1 A3 ILU j LJUj ^ 1 

Nuclear fusion 


Trolley Bus 

(jjip 

Lithium-ion battery 

1 Aj j ILj 

Electrolysis 


Carbon abatement 

tj j 1 Cj 

Direct disposal 

LJ 1 1 

Passive solar heating 

aJ Lx 3 ^-*-P A«3 ta-Xj 

Global warming 

^1 0^*-* 

Load- leveling 

I ^*m****Q A_) 

Solar insolation 
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Coal gasification 

jlp Jjj^J 

Climate change 

( L^>J Ip ) ^ LJ 1 

Pyrolysis 

ojl ciLs^jjj 

Combined Cycle Gas Turbine (CCGT) IS y> Sjb ji 

Cogeneration 

Av*o2j ^^*3 L A3 l li? 1 1 ^ jA ^ 

Tidal current 

j )>J l j -XjjJ 1 jLu 

Energy carrier 

A3 UaJJ l>- 
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Photovoltaic Solar Cells 
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Price inelastic 
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C I^S/I 

aSUJI 
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o j I I I 4JL ji? 
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^ ^<Lolj v -t.nl. 1 4 LsllaJ! 
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4_ i_i.i L La (jj-X," ^-“-tl Jjj_lJ! 4_a—L— il 
l Ja-3lLui_a ^1 ^Jl 3" ,V1 4_jJ_aX. Jy_a I zj->- LajLlIcL 
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4_aliaJl j 1 3 J J-aeJj. ' CjL^LiaJl J t(jj_)jX_!l (j_jj_stjj 

.4jjLl!I 


.LXJI 


jLLa. :(Robert L. Evans) JJUlj! .J :^-aJjll 

4-m Jll^-H jllLuil t^Jj_j_aLX 4_A_a U- (j_a ^IjjnXjJl 

( LJ BC) L_i_a jj ^X JiJoj-J 4_*_a U- LL. 4-XL.u IXL-L 1 
.(IjiLX) j^XjL 4_*_aL>.j 
L^LkH jLt-a i>ljjJiXjJI jXU. :(j!jj-» (J.urii.4 .j 
4X_LaJ, I — JjjJ3jIjj 4_A_aL>- (j_a (1996) 4_u L j-^XLl ' 

.3 Jl3tll,l 



<3U=JI JjVl V LXJI (*) 


aLuJI . 1 
jlidlj JjJLJl .2 
Jl .3 
>iLdi .4 

3u 3 - 0 &I 1 4j juallt .5 

4 j, \ fl" .6 

."'VI <Vl^ "4 j tVi .7 

(jl ijjlailj .8 

£aUa]l .9 

4 a \n*i oil Jl 3 ^i 1 .10 

4jlxoJ1 . 1 1 








ikA j, 



ask2pdf.blogspot.com 


